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EXECUTIVE SUMMARY

The National Aeronautics and Space Administration (NASA) is conductiteghmical
assessment adlternative technologiefor aerospace depainting operations on behalf of the
Environmental Protection Agency (EPA) and the United St#es Force (USAF). Such
technologies are to besed aspaint stripping processeshat do not adversely affect the
environment and that specifically do not involve the use of methylene chloride.

During this reporting period, NASA was involved in the following activities:

NASA personnel visited General Lasertronics Corporation to observe a carbon dioxigle (CO
laser stripping system and welcomes General Lasertronics Corporationeascammittee
member to assist with process evaluation.

Personnel fronthe Environmental Protection Agency visited Marshall Space Flight Center
(MSFC) for an in-depth program review of the interagency study.

Control panels were painted, aged, and distributed for the third depainting sequence.

During Sequence 3, four depainting processes (chemical stripping, FLASHaJESticmedia
blasting, and ENVIROSTRfPwheat starch) were used on control panels. Sequedata3or
the CQ laser, sodium bicarbonate wet stripping, and WaterJet processes awtilable after
the publication date of this report and will be presented in the final report.

Interim measurements wereade on the contrgdanels for surfaceoughnessweight and
thickness, anaoatingthickness. Nacsignificant changes in surfaceughnessmeasurements
were seen after Sequences 2 andP@st-stripping surface roughnessiecreasedslightly,
probably a result othe presence dessremnant primer fronthe mechanicaprocesses as
operator skills improved.

The control panelsfor chemical stripping, plastic media blasting, FLASHJEY, and
ENVIROSTRIP wheat starch werereprocessed, whichincluded cleaning, chromate
conversion coating, priming, and painting.

A method of loading thin specimens into the fatigue testes developed to allow fatigue
testing of specimens withoutvisting. Baseline data collectiomesumed forfatigue life
comparisons.

Further analysis waperformed on sandwich corrosion specimensvaluate the extreme
effect of deionized water.

Hydrogen embrittlement effects of the environmentally advantelgechicalstrippers on high-
strength steel were determined.

This progress report was published in July 1998.
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1.0 INTRODUCTION

1.1. Background

The National Aeronautics and Space Administration is conducting a technical assessment of
alternative technologiefor aerospace depainting operations in a cooperative effort with the
Environmental Protection Agency and the U.S. Air Force. This interagency study was designed to
evaluate an array of depainting processes that do not use methylene chloride, a probable carcinogen
that is the active ingredient in mapgpular and widely usepaint stripping productsThe nine
techniques subdivide into five removal method categd@absasive, impact, cryogenic, thermal,
and molecularbonding disassociation). Seven techniqaes currently being investigated as
alternatives to the use of methylene chloride.

The use of methylene chloride has been restricted in depainting operations per the National
Emission Standard for HazardoAg Pollutants (NESHAP) foAerospace Manufacturing and
Rework Facilities. The effective date faximum AchievableControl Technology regulation was
Septembed 995, with the first substantivecompliance datéor existing sourcebeing September
1998.

Industrial concernsnay also wish to consider substitutimgother painstripping process
for methylene chloride to avoid compliancestsassociated with aew standarcadopted by the
OccupationalSafety and Health AdministratiofOSHA), which sharplylimits permissible
exposurdevels (PELSs) for workersEmployers must ensutbat no employee isxposed to an
airborne concentration of methylene chloride as an 8-hour time-weighted PEL in excess of 25 ppm
or a 15-minute short-term exposuegel in excess of 125 ppm, wherette previous PEL was
500 ppm. The final rule includes requirements for exposure monitonedicalsurveillance, and
respiratory protection. It was adopted on January 10, 1997, and put into effect on April 10, 1997.

1.2. Scope of Study

These tests were designed to be conducted onpaim system (epoxy primer in
accordance withMIL-P-23377F, Type 1, Class 2, with apolyurethane topcoatoriginally
MIL-C-83286B butnow MIL-C-85285B)applied totwo substratenaterials (clad and non-clad
2024-T3 aluminum in four thicknesses), processeacoordance with draft 4 d@he International
Standards Organization/Society of Automotive Engineers (ISO/8/872, "IATA Guidelines
for Evaluation of Aircraft PainStripping Materialsand Processes.'(See excerpt in Appendix
A.1l.) The specimens were then to be depainted under controlled conditions.

The results presented heage representative tis particular tesprotocol. Changing the
processing and depainting parametees/ yield differentresults,even on the sanmsubstrate and



paint system. Thigeport should be used asgaidance documenwhen selecting an alternative
depainting method, as it does not recommend any one depainting methashather. Endisers
should consider theaturity of their facilitiesequipment, and personnel trainimdpen analyzing
process applicability for their operations.

1.2.1. Materials Selection

This study uses materials, coatinged processes found IBO/SAE MA4872 (draft 4),
including other standards referenced under Se&iBnApplicable Documents, irthat draft. To
ensuremanageable parameters adata comparable tohose available on similarsubstrates,
NASA, the EPA, and the concerned industriplartners known ashe Technical Advisory
Committee (TAC) agreed tonit this study to oneoatingsystem on two substrate materials, as
discussed below.

As referenced in the rest of this report, "Sequence 3" is used to designdted iteration
of activity (including processing, artificial aging, and depainting of the cop&mels, followed by
data evaluation) that was conducted for this study.

1.2.1.1. Coating System

Plans called for use of the baseline paint system referenced in ISO/SAE MA4872 (draft 4),
which is comprised of a high-solvents polyurethane topaglags finish, white #17925 (in
accordance with MIL-C-83286B) applied over apoxy primer (inaccordance with MIL-P-
23377F,Type 1,Class 2).These coatings exceed limits established in the AeroSga&HAP,
but they were partnered as a preferred pgjstem formanyyears,building a stronglatabase of
performance information.

The MIL-C-83286B topcoat, howevehecame unavailable after theocessing of panels
for Sequence 1. It habeen replaced with #&igh-solids aliphatic polyurethane coating (in
accordance with MIL-C-85285B). The Aerospa¢ESHAP doesot require any changésr the
high-solids epoxyprimer (in accordance witMIL-P-23377F, Section1.2). This revisedpaint
system wasincorporated at the beginning of Sequence 2 and is besegl throughout the
remainder of the study. (See Table 1.2.1.1-1.)

Table 1.2.1.1-1. Substrate Coating System

Surface Treatment Primer Topcoat ||
Iridite 14-2 MIL-P-23377F, Type 1, Class 2 MIL-C-85285B ”
(0.6 to 0.9 mil) (1.7 to 2.3 mil)




1.2.1.2.

The substratematerial is2024-T3 aluminum (clad and non-clad) ifour thicknesses:
0.016, 0.032, 0.051and 0.064 inchesSubstrate requirementse detailed in SAE Aerospace
Materials Specification (AMS) 4041, “Sheet aRthte,” andAMS 4037, "Aluminum Alloy Sheet

Test Substrates

and Plate." (See Table 1.2.1.2-1.)

Table 1.2.1.2-1. Control Panels (Initial Material)

Material Specification Thickness Quantity
Clad 2024-T3 AMS 4041 or 0.016 in. 3
aluminum Federal QQ-A-250/5 0.032 in. 3
0.064 in. 16
Non-clad 2024-T3 AMS 4037 or 0.016 in. 21
aluminum Federal QQ-A-250/4 0.051 in. 16
0.064 in. 16

In addition, SikorskyAircraft Corporation provided 80 panels dad 2024-T3aluminum
in two thicknesses. (See Table 1.2.1.2Th¢ processes usirigese claganels are the-house
processes: plastic media blasting (PMB), WaterJet blasting, and sodium bicarbonate wet stripping.
Datafrom PMB clad panels appear in thiseport. The chemicakstripping process hanhcluded
0.064-inchthick clad panels forevaluation fromthe beginning, andecause panel thickness is

irrelevant for chemical stripping, no Sikorsky panels were added to this process.

Table 1.2.1.2-2. Control Panels (Additional Clad Material)

Material Specification Dimensions Thickness Quantity
Clad 2024-T3 Federal 22n. wide 0.016 in. 40
aluminum QQ-A-250/5 by 22n. long 0.032 in. 40
1.2.2. Sample Preparation

Initially, the specimens wereut to appropriatsizes and uniquely numbered, that they
could be trackedhroughoutthe study. Thenseveral preparatiosteps were used tevelop the

baseline data. (See Table 1.2.2-1.)




Table 1.2.2-1. Initial Sample Preparation

Step Action ||
1 Hand-wipe specimens with methyl ethyl ketone. "
2 Clean specimense., degrease, alkaline clean, rinse with deionized water, deoxidize, final rinsue with

deionized water.

Apply chromate conversion coating (Iridite 14-2).

Measure baseline substrate thickness.

Measure baseline surface roughness and weights.

Standard ISO/SABMA4872 (draft 4)requires five depaintingequencesgach ofwhich
begins withthe application oforimer. From this point, dequence includes th@ocessdetails
listed in Table 1.2.2-2.

Table 1.2.2-2. Sequence Activities

Step Action

1 Apply primer.

2 Apply topcoat and cure at 123 °F for 24 hr.

3 Verify coating thickness.

4 Age specimens.

5 Distribute specimens to be stripped by methods under review.

6 Hand-wipe specimens with methyl ethyl ketone.

7 Clean specimenig., degrease, alkaline clean, rinse with deionized water, deoxidize, final ringe
with deionized water.

8 Apply chromate conversion coating (Iridite 14-2).
Measure substrate thickness.

10 Measure surface roughness and weights.

Each step is in accordance with the procedures outlined in ISO/SAE MA4872 (draft 4).

1.2.3. Artificial Aging

NASA, the EPA, andhe TAC selected an aging sequence in compliamitie the version
of ISO/SAE MA4872 available at théime, i.e., draft 4, whichhasbeensuperseded by four
drafts. The TAC industry partners strongly suggested that this stosigly followthe parameters
provided in Appendix C othatdocument, which describes an intense agirtgnario. (Sedable
1.2.3-1)



Table 1.2.3-1. Aging Procedure for Test Substrates
per ISO/SAE MA4872 (Draft 4)

Step Action

1 Precondition for 12 hr at 126 and 95% relative humidity.

2 Hold at -65°F for 1 hr.

3 Thermally cycle aging chamber 4@fnhes, eachtime cycling from -65 to 160 to -6% within 30
min.

Return aging chamber to ambient temperature.

Repeat steps 1 through 4.

Specimens are being aged in two thermal humidity chamb&SBC. NASA was unable
to meet the temperature ramp int8G0 minutes (step 3) with a full aging chamliberefore, the
EPA and the TAC agreed to age specimens at the featieshatwould allow them to beexposed
to the temperature extremes defined in the agirgjile. All participants indicated that they
understoodthat the overalstudy timeline would begreatly impacted bythis agingprocedure,
which proved quite lengthy. Ramifications included:

During initial agingsessionseach temperature cyctequired 3hours tocomplete (rather
than the specified 30 minutes), which resulted in a 97-day aging sequence.

In May 1996, liquid nitrogen (LN) cooling lines wererun to two thermal humidity
chambers used for aging. Thwodification increased cooling rates by ~60% and reduced
temperature ramp times by40%. Each temperature rammow requiresl.5 hours to
complete, which has resulted in a 51-day aging sequence.

1.2.4. Process Evaluation

When considering theesults discussed in this repadte readeshouldbear in mindthat
many restrictions were required to maintain a manageable scope for our study.

Evaluation of the alternativeethods will be determinethrough (1) analysis of results
from measurementade onsubstrate thickness andeight, surfaceroughness,and surface
chemicalanalysis throughouhe sequences of preparation astdpping, (2) comparison of strip
rates among the observatethodsand (3) furthemetallurgical evaluations of theubstrateafter
final sequences of specimen preparation and stripping.

1.2.5. Schedule

The originalscope of workand statement afaskscall for extensive andletailed data
captureduring eachstep of specimen preparation and stripgmgall five depaintingsequences.
The revised project scope entails five full depainting sequdacéise chemicaktrippingprocess,



four full cycles for PMB, and three full cycles for the FLASHIETQ, laser, sodiunbicarbonate
wet stripping, WaterJet, and ENVIROSTRIRheat starchproceduresThe projected schedule
takes the depainting evaluation activities through the 1998 calgedar (Se€lable1.2.5-1.) The
final report will containall remainingdata, asvell as metallurgical evaluations of tipeocesses.
This report will be published in January 1999.

Table 1.2.5-1. Depainting Study Schedule

Action Date
EPA/NASA Interagency Agreement (lA) signed 12/93
Executive Steering Task Force formed 2/94
Technical Implementation Committee (TIC) formed 2/94
First progress report published 8[p4
USAF/NASA IA signed 9/04
Second progress report published 4"/95
Test specimens acquired and machined 3/95 to 8/95
Third progress report published 10{p5
EPA/NASA IA Amendment | signed 11/9p
Depainting Sequence 1 8/95 to 5/94
Fourth progress report published 1196
EPA/NASA IA Amendment Il signed 9/96
Depainting Sequence 2 6/96 to 5/91
Fifth progress report published 11“37
Depainting Sequence 3 1/97 to 7/9d|
Sixth progress report published 7"98
Remainder of stripping sequences 6/97 to 10/94|
Metallurgical specimens machining 5/98 to 9"98
Metallurgical evaluation 6/98 to 11/SH8
Data compilation and analysis 8/98 to 12"98
Final report published 1/5"9




2.0 SITE VISITS

2.1. Hydrogen Peroxide Exposure Tests

The Hydrogen Peroxide Exposufiestingstudy is designed tdetermine whetherertain
concentrations of hydrogen peroxidetually causecorrosion or brightening ofhe aluminum
surface as described in this progress report. Resulte onitial grosstestfor hydrogenperoxide
corrosion onthe specified aluminunsurfaces were inconclusive becassailar surfacesgave
inconsistent surfaceughness data. Alsthe metallographic camepmoduced visuabata based
how the test specimens were cut. The test is being reconfigured to improve control over the cutting
of the sample and to identify theurfaceside. The reconfigured test will enable collection of
pretest surface roughness and metallographic camera data for posttest comparisons.

The MSFC point of contact is EH42/Jimmy Perkins at (256) 544-2634.

2.2. General Lasertronics Corporation

On June 12, 1997, Steve Burlingame made a trip to General Lasertronics Corptivation,
located inMilpitas, California. The purpose of histrip was toset up an agreememthereby
Lasertronics would assuntiee CQ laser stripping responsibilities previously held by INTA of
Santa Clara, California. General Lasertronics Corporation was chosiemnagstlikely candidate
for continuing the remaining CQaser stripping cycles becaude company is familiawith our
requirements; is currentigeveloping, manufacturing, and selling laseating removabkystems;
has personneéxperienced irengineering, manufacturing, andarketing with experience in
aerospace, simulation, electronics, and optics; and has commitment to help this EPA/NASA/USAF
Depainting Study meet its objectives.

Burlingame met with Phil Barone/President, RalphMiller/Director, Marketing
Communications, and Jim Thomas/Vice President, Engineering. He was gletiledoverview
of both Lasertronics’ coating removeapabilities and the experience of thearsonneland he
toured the laser stripping facility and observed their stripping operations, which are similar to those
that will be used to strip the aluminum test panels. The company accepted a letter of intent from Dr.
Ann Whitaker/Director of the Materials and Processes Laboratory angastltipate inthis study
by assisting in meeting the requirements of the study’s technical objectives.

This studyteamthanks INTAfor their participation andiotesthat thepursuit of another
company to complete the CQaser stripping cyclesvas driven by schedulingssues,not by
technical concerns.



2.3. EPA Visit

In Septembefl997, AlWeheand Barbara Driscollwho, atthetime, wereEPA co-leads
for the Interagency Agreement, visited Marshall Space Fliggnter. During this “Depainting
Project Review,” MSFC personnel providda EPAvisitors with a comprehensive status of the
study. This status included a discussion of the overall scofie sfudy andthe decisiorprocess
in determining that scope, a review of the sequence of events in each iteratioppaig required
of the panels, acurrent status othe panels tagged teachprocess, aeview of theinterim
measurements required and theurpose, aroverview of all metallurgical evaluations to be
performed and a status of those activities, @etdileddiscussions of schedule, coahd aging
issues.

The EPAguests also touretthe MSFC facilities. This toumcluded the cleaning facility,
the paint shop, the aging chambers, and the equipment setup for in-house stripping activities, with
demonstrations of certain stripping processes. (See Figures 2.3-1 through 2.3-5.)



Figure 2.3-1. Jeneene Sams, Robin Broad, Figure 2.3-2. Wehe tries his hand at plastic media
Johnnie Clark, Barbara Driscoll, Al Wehe, and blasting.

Beth Cook (I to r) observe one of the panel

cleaning vats in the MSFC cleaning facility

Figure 2.3-3. Cook, Clark, Wehe, Driscoll, and Figure 2.3-4. Hoppe (left) shows the

Sams observe the fan nozzle used in the sodiutrdammelmann rotary nozzle, used in the WaterJet
bicarbonate depainting technique. David Hoppsstripping technique, to Clark, Broad, Wehe, and
holds the nozzle. Driscoll.

Figure 2.3-5. Driscoll inspects a panel stripped
with the WaterJet method. The patterns on the
panel are produced as water from the nozzle
blasts the topcoat and primer off the panel.




3.0 ACTIVITIES DURING SEQUENCE 3

3.1. Sample Preparation and Aging

Cleaning and coating activities were completed for 175 cop#mols, which weraged in
four batches in preparation for depainting during Sequence 3. (See Table 3.1-1.)

Table 3.1-1. Aging Schedule

Batch Aging Duration Control Panels for Use in Quantity
1 3/4/97 to Chemical Stripping 50
4/28/97 CO, Laser Stripping 9
2 3/31/97 to Plastic Media Blasting 29
5/27/97 Sodium Bicarbonate Wet Stripping 9
3 4/28/97 to 6/23/97 WaterJet Blasting 24
4 5127197 to FLASHJET® Coating Removal 24
712197 ENVIROSTRIP Wheat Starch Blasting 30

Notes: 1. One of the original 10 panels remains at the former vendor’s facility.
2. One of the original 25 panels was used to assess the effects of overheating during processing.

3.2. Depainting Processes

This study is being conducted on chemical stripgieais donot contain methylene chloride
and on sixmechanicalstripping processes: FLASHJEToatingremoval, CQ laser stripping,
plastic media blasting, sodium bicarbonate stepping, WaterJetlasting, and ENVIROSTRP
wheat starchblasting. All test fixtures include aluminum backing plates the 0.016-inch
substrates, which are extremely thin and flexible.

After Sequence 1, the TAC decided to eliminate twq kl@stingprocesse¢TOMCO, and
COLDJET") from the studyAfter Sequence 2, th€AC pursued CQlaser stripping with a new
vendor to optimize logistics. (See Section 3.2.4.)

The study's scope is limited to ooeatingsystem on two substrates dbtain results in a
timely manner that couldrovide themost benefit tdacilities that depaint aerospabardware. A
test protocol encompassing different pasgstems or processing awgerating parameters may
yield different results.

3.2.1. Chemical Stripping

During the third depaintingequence, this process was used to stripobfrol panels cut
from clad and non-clad 2024-T&luminum sheets (0.064inch thick). Four alkaline/neutral
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products (Gage Stingray 874B aifdrco 6813, 6813-E,and 6840-S)and four acid products
(Turco 6776, McGean-Rohco Cee-Bee E-1004B, Cakgdn 540, and Eldoradd®R-2002)were
tested alongsidéwvo methylene chloridestrippers (McGean-Rohcalkaline Cee-BedR-256 and
acid Cee-BeéA-202), whichacted asaselinesThe aforementioned chemicsiripperswill be
tested for the remainder of the study.

The chemicaktripping investigators have adoptis basic procedurebserved during a
site visit to Raytheon (discussed in Section 2.1 ofthath Progress Repgrtwhich will be used
for the remainder of thstudy. The strippers werenitially applied in a thinmist, followed by a
slightly heavier mist approximately 30 minutes later. The paint surfasehecked approximately
every 2hours. Ifany paintshowed releasehe panekurface wadightly brushed using a brass
bristle brush,and then thestripper wasreapplied in the sammanner.Temperatures werkept
within a range of 75 to 82, with an average relative humidity of 36%. (Seble 3.2.1-1.)

Table 3.2.1-1. Test Parameters for Chemical Stripping (Sequence 3)

Substrate Application Depainting Facility Average Relative
Thickness (in.) Method Temperature (°F) Humidity
" 0.064 Spray or brush on 75 to 82 36% ||

All chemicalstrippers removed00% ofthe paintsystem from these contrphanels.(See
Table 3.2.1-2.) Detailed results are discussed below and in Appendix A.2.1.

Table 3.2.1-2. Average Results for Chemical Stripping (Sequence 3)

Chemical Approximate Post-Stripping Coatings
Type Dwell Time (hr) Surface Roughness [(in.) Removed
Alkaline/Neutral 4 10.2 100% topcoat and

Acid 3 10.1 100% primer

Note: These averages do not include any baseline data from the two methylene chloride strippers.

During Sequence 3, all chemical strippers had dwell times that were similar to those seen in
a comparison with Sequence 2 data. (See Tables 3.2.1-3 and 3.2.1-4.)
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Table 3.2.1-3. Average Test Data for Alkaline/Neutral Strippers (To Date)

Average Dwell Time Average Surface Roughnesguin.)
Chemical per Sequence Baseline After Stripping After Cleaning
Product Seq. 1 Seq. 2 Seq. 3 | Measure- | Seq. 1] Seq.2 Seq. 3 Seq. 1 Seq.2| Seq.3
ment
Cee-Bee R-256 30 min| 7 min| 5 min 1.2 1.9 11.7 10.9 12.9 1117 11
Gage Stingray 8748 - 7 hr 5hr 1.5 -- 6.6 10.6 -- 7.2 8.9
Turco 6813 9hr|{ 35h 4 hr 2.1 2.Y 10.6 9.6 11.1 10.1] 10.5
Turco 6813-E 6 hr 5hr| 2.5 hr 2.7 2.8 9.5 9.4 9.6 9.1 9.5
Turco 6840-S 8hr| 45hf 5h 2.2 2.p 11.1 11.8 10.8 124 12.3
Note: 1.

Cee-Bee R-256 is a methylene chloride product being used as the alkaline/neutral baseline.

2. Gage Stingray 874Bnteredthe studyduring Sequence 2; therefore Sequenceafa donot exist for
this product.
Table 3.2.1-4. Average Test Data for Acid Strippers (To Date)
Average Dwell Time Average Surface Roughnesguin.)
Chemical per Sequence Baseline After Stripping After Cleaning
Product Seq. 1 Seq.2 | Seq.3| Measure- | Seq.1 | Seg.2 Seq. 3 Seq.1 | Seq.2| Seq.3
ment
Cee-Bee A-202 30 minf 5 min 4 mjn 1.3 1.6 10.0 10.5 10.6( 104 10.p
Cee-Bee E-1004B 6 hr 4 hi 3.5 hr 1.3 1.7 | 11.7 10.6 12.0] 11.9 11.B
EZE 540 9 hr 5hr|{ 25hr 1.2 1.5 9.9 104 11.0 ] 10.3] 10.3
PR-2002 9 hr 4hr| 35N 1.3 1.5 9.9 9.4 10.3 9.4] 10.3
Turco 6776 6 hr 25hf 254N 1.4 1.4 10.2 9.9 11.4] 10.4 10.

Note: Cee-Bee A-202 is a methylene chloride product being used as the acid baseline.

Dwell times ranged from 2.5 to 5 hours for the alkaline/nestrgdpers,while thealkaline
methylene chloride baseline stripped imfutes. (Sedable3.2.1-5.) Dwell timesranged from

2.5 to 3.5 hours fothe acidstrippers,while the acid methylene chloride baselisgipped in
4 minutes. (See Table 3.2.1-6.)
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Table 3.2.1-5. Test Parameters and Results for Alkaline/Neutral Strippers (Sequence 3)

Paint _ Average Surface Roughnesgln.)
Chemical Panel Clad or Thickness Ave. '_I'empera_tu_re/ Tlmg Base- Cycle 1/2 Cycle 2/3 Cycle 3/4
Product Number | Non-Clad (mil) Relative Humidity | to Strip line After After After
Cleaning Cleaning Cleaning
Cee Bee R-25¢ 1-2.20.1 non-clad 2.7 76/41% 5 min 1.4 14.4 12.2 17.3
Cee Bee R-25¢ 1-2.20.2 non-clag 2.7 76/41% 5 min 1.3 14.2 12.2 10.6
Cee Bee R-25¢  1-7.10.] clad 2.7 76/41% 5 mir 1.2 8.8 9.3 6.3
Cee Bee R-254  1-7.20.] clad 2.6 76/41% 5 mir] 1.1 10.1 10.8 104
Cee Bee R-259  1-7.20.1 clad 2.6 76/41% 5 mir] 1.0 15.2 13.8 13.2
Gage 874B 1-1.6.2 non-clad 2.4 81/33% 5 hr 3.1 - 6.1 6.5
Gage 874B [-2.15.3 non-clag 2.7 81/33% 5 hr 1.4 - 5.9 7.3
Gage 874B -7.1.1 clad 2.4 81/33% 5 hr 1.0 - 6.5 7.7
Gage 874B [-7.1.2 clad 2.9 81/33% 5hr 0.9 - 8.3 9.3
Gage 874B [-7.6.2 clad 2.6 81/33% 5 hr 1.3 - 9.3 13.0
Turco 6813 -1.2.1 non-clad 3.5 80/42% 4 hr 3.6 141 12.8 13.0
Turco 6813 [-1.2.2 non-clad 3.2 80/42% 4 hr 3.3 11.8 12.8 11.6
Turco 6813 -7.2.1 clad 2.6 80/42% 4 hr 1.3 10.0 7.5 8.3
Turco 6813 1-7.2.2 clad 2.6 80/42% 4 hr 1.4 10.8 8.1 10.0
Turco 6813 [-7.9.2 clad 2.6 80/42% 4 hr 1.0 8.7 9.3 9.4
Turco 6813E -1.7.1 non-clad 25 75/49% 2.5 hi 4.0 12.2 12.2 12.4
Turco 6813E 1-1.7.2 non-clad 2.4 75/49% 2.5 hi 4.3 11.1 9.5 9.3
Turco 6813E -7.7.1 clad 2.6 75/49% 2.5 hr 2.7 9.5 8.3 9.6
Turco 6813E 1-7.7.2 clad 2.4 75/49% 2.5 hr 1.3 7.0 9.1 9.1
Turco 6813E [-7.9.1 clad 25 75/49% 2.5 hr 1.0 8.2 6.7 7.3
Turco 6840S -1.5.1 non-clad 2.7 80/30% 5 hr 3.6 - 14.6 14.0
Turco 6840S 1-1.5.2 non-clad 25 80/30% 5 hr 3.6 13.2 14.4 12.6
Turco 6840S I-7.5.1 clad 2.9 80/30% 5 hr 1.4 12.4 11.2 14.0
Turco 6840S I-7.5.2 clad 2.9 80/30% 5 hr 1.3 9.4 10.2 10.6
Turco 6840S 1-7.8.2 clad 2.6 80/30% 5 hr 1.2 8.3 11.8 9.8

Note: 1. Cee-Bee R-256 is a methylene chloride product being used as the alkaline/neutral baseline.

2. Gage Stingray 874B entered the study duriné; Sequence 2, and Sequence 1 data do not exist for this product. Thesasessepeemmaot
subjected to a phosphoric acid bath that produced significant etching and increased surface roughness values in theeaihesriesturing

Sequence 1.
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Table 3.2.1-6. Test Parameters and Results for Acid Strippers (Sequence 3)

Average Surface Roughnessgin.)
Chemical Panel | Clad or Paint | Ave. Temperature/| Time Base- Cycle 1/2 Cycle 2/3 Cycle 3/4
Product Number [ Non-Clad | Thickness| Relative Humidity | to Strip line After After After
(mil) Cleaning Cleaning Cleaning

Cee Bee A-202 [-2.17.].  non-clag 2.7 76/41% 4 nfin 15 11.3 11.0 11.
Cee Bee A-202 [-2.17.2  non-clag 2.6 76/41% 4 nfin 15 11.2 11.8 11.£I
Cee Bee A-202 [-7.17.1L clad 2.4 76/41% 4 mjn 1.3 10.1 9.1 9.8
Cee Bee A-202 [-7.17.p clad 3.1 76/41% 4 min 1.2 11.9 10.8 10.2
Cee Bee A-202 [-7.21.1L clad 2.9 76/41% 4 mjn 1.2 8.3 9.5 8.5
Cee Bee E-1004B [-2.14J1  non-clafl 2.9 81/28% 3.5|hr 1.5 11.8 11.4 130
Cee Bee E-1004B [-2.142  non-clafl 2.8 81/28% 3.5/hr 1.4 15.5 144 1541
Cee Bee E-1004B |-7.1411 clad 2.3 81/28% 3.5|hr 11 13.7 11.0 12.p
Cee Bee E-1004B 1-7.14p clad 3.0 81/28% 3.5}hr 1.3 8.9 8.7 7.7
Cee Bee E-1004B I-7.18/1 clad 2.8 81/28% 3.5|hr 1.0 10.2 9.8 8.1
EZE 540 1-2.11.1  non-clad 2.6 82/31% 2.5 l||r 15 135 11.8 10.8
EZE 540 1-2.11.2 non-clad 2.6 82/31% 2.5 r 1.3 13.8 12.6 11.8
EZE 540 -7.11.1 clad 2.5 82/31% 25N 1.3 8.1 8.5 8.7
EZE 540 1-7.11.2 clad 25 82/31% 2.5Nhr 1.0 9.3 7.7 8.5
EZE 540 [-7.13.1 clad 2.9 82/31% 25Nr 1.1 10.2 11.0 11.8
PR-2002 [-2.12.1 non-clad 3.2 82/31% 3.5hr 1.9 10.2 9.5 11.0
PR-2002 [-2.12.4  non-clad 2.4 82/31% 3.5hr 14 155 11.6 12.0
PR-2002 1-7.12.1 clad 2.6 82/31% 3.5 0.9 6.6 7.5 6.9
PR-2002 [-7.12.2 clad 25 82/31% 3.5hr 1.2 10.8 10.0 12.2
PR-2002 [-7.13.2 clad 3.0 82/31% 3.5hr 1.2 8.5 8.3 9.6
Turco 6776 [-2.16.1  non-clad 2.4 77/37% 25hr 15 13.9 13.2 11.0
Turco 6776 1-2.16.2 non-clad 2.5 77137% 2.5 hr 1.8 14.5 12.6 12.8
Turco 6776 1-7.15.1 clad 2.2 77/37% 2.5 Hhr 1.2 10.6 9.5 9.3
Turco 6776 I-7.15.2 clad 3.1 T7/37% 2.5 Hhr 1.2 8.9 10.4 10.2
Turco 6776 1-7.18.2 clad 25 77/37% 2.5 Hhr 11 9.0 8.5 8.5
Note: Cee-Bee A-202 is a methylene chloride product being used as the acid baseline.



Plans hactalledfor both Stingray 874 and 894 to bdded as alkaline/neutratrippers
during Sequence 2. Gage Products Company, howerestedhat thesglans becanceled in
favor of adding only Stingray 874B (aodified version ofthe Stingray 874formulation tested
during our site visit to the Raytheon facility Mty 1996), whichthey consider a more promising
product. Stingray 874B did not show signs of brighteningladine removatiuring Sequence 2,
unlike the product tested at Raythdas described ithe Fourth ProgressReport Section2.1).
Since these test specimens enteredsthdy during Sequence ey were not subjected to the
phosphoricacid bathused during Sequencetiiat produced significant etching, which increased
surface roughness values for the other test specimens.

Figures 3.2.1-1 through 3.2.1-3 shde setups forthe chemicaktripping tests. Figures
3.2.1-4 through 3.2.1-8 showcomparisons othe debonding stages produced the various
stripping agents.

The MSFC points otontact areeH33/Robin Broad at (256) 544-7016 aBH33/Regina
Moore at (256) 544-8456.
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Figure 3.2.1-3. Test Setup of Acid Panels (intermediate debonding)
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Figure 3.2.1-4. Intermediate Debonding on Figure 3.2.1-5. Full Debonding on 0.064-in.
0.064-in. Panel Brushed with Methylene Panel Brushed with Methylene Chloride Stripper
Chloride Stripper

Figure 3.2.1-6. Initial Debonding on Panel Figure 3.2.1-7. Intermediate Debonding on
Sprayed with Non-Methylene Chloride Stripper Panel Sprayed with Non-Methylene Chloride
Stripper

L}
-

Figure 3.2.1-8. Full Debonding on Panel
Sprayed with Non-Methylene Chloride Stripper
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3.2.2.

CQ, Blasting

No further testing will be conducted on the (Qflastingprocess, which was shown to be
ineffective as a stand-alone paint removal process during Sequence 1.

3.2.3.

FLASHJET® Coating Removal

During the third depaintingequence, this process was used to stripo?drol panels cut
from non-clad 2024-T&luminumsheetghatwere0.016inch thick (14 specimens), 0.05ihch
thick (4 specimens), and 0.064 inch thick (6 specimens). In July 1885¢ panels were shipped
to McDonnell Douglas Aerospace (MDA) in St. Louidissouri. (MDA becameBoeing-St. Louis
in August 1997 and, beginning with thisport, will be referred to bythatname.) ByDecember
1997, all were stripped and returned to MSFC. (See Table 3.2.3-1 for test parameters.)

Table 3.2.3-1. Test Parameters for FLASHJETCoating Removal (Sequence 3)

Coating | Input Repetition | Stand-off Trans- Stripping | CO, Input | Media Cco,
Layer | Voltage Rate Distance | lational Passes Pressure | Flow | Angle
V) (flashes/sec) (in.) Velocity to Nozzle| Rate of
(in./sec) (psi) (Ib/hr) | Attack
(deg) |
Topcoat 1900 to 3to5 2103 0.75to0 14 8 90 to 500(to 210
Primer 2300 4 180 1000 29

Note: Boeing-St. Louis considers specific FLASHJFTarameters to be proprietary information.

After stripping, the panels were visually inspecteM&FC. Table3.2.3-2 showsverage
results, while Appendix A.2.3 gives detailed results.

Table 3.2.3-2. Average Results for FLASHJET Coating Removal (Sequence 3)

Substrate Time to Strip Surface Coatings
Strip* Rate Roughness Removed
Dimensions| Thickness Area (min:sec) | (in.#min) After
(in.) (in.) Stripped Stripping?
(in.%) (pin.)
0.016 484 6:55 70.0 20.5 --
22 by 22 0.051 484 3:40 132.0 18.2 -
0.064 484 4:48 100.8 17.2 -
12 by 12 0.064 144 1:34 91.9 16.6 -

Notes:1. Time to Strip includes time used to make overlapping passes, which dithereisethe amount of

coating removed.
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2. Surface Roughness After Stripping was measuredeven though coatingremained on the
substrate. This remaining coating waeasuredor its thicknessand is reported inTables3.2.3-3
through 3.2.3-5Figure 3.2.3-1 shows the location of measurements taken on the panels.

3. Coatings Removedare percentages based pre-strip thicknesglata presented il\ppendix 2.3
(primer: 0.6 to 0.9 mil; topcoat: 1.7 to 2.3 mil) and post-strip thickness data presented in Tables 3.2.3-
3 through 3.2.3-5. Percentages of primer removed are sholabla 3.2.3-6; virtually all topcoat was
removed

Table 3.2.3-3. Post-Strip Coating Thickness Readings for 0.016-in. Panels
Panel Substrate Average Post- Maximum Post- | Minimum Post- | Standard
Number | Thickness Strip Coating Strip Coating Strip Coating Deviation
(mil) Thickness (mil) Thickness (mil) Thickness (mil) (mil)
IV-14.1 16 0.26 0.32 0.11 0.07
IV-14.2 16 0.27 0.33 0.22 0.04
IV-14.3 16 0.31 0.41 0.15 0.09
IV-15.5 16 0.33 0.39 0.28 0.04
IV-15.6 16 0.32 0.39 0.21 0.06
IV-15.-7 16 0.37 0.46 0.24 0.07
IV-15.8 16 0.32 0.42 0.22 0.07
IV-15.9 16 0.34 0.48 0.20 0.08
IV-15.10 16 0.37 0.65 0.25 0.12
IV-15.11 16 0.35 0.46 0.24 0.08
IV-15.12 16 0.34 0.41 0.24 0.06
IV-16.13 16 0.34 0.40 0.28 0.04
IV-16.14 16 0.27 0.34 0.23 0.03
IV-16.15 16 0.30 0.35 0.21 0.05
Table 3.2.3-4. Post-Strip Coating Thickness Readings for 0.051-in. Panels
Panel Substrate Average Post- Maximum Post- | Minimum Post- Standard
Number | Thickness Strip Coating Strip Coating Strip Coating Deviation
(mil) Thickness (mil) Thickness (mil) Thickness (mil) (mil)

IV-9.5 51 0.19 0.23 0.17 0.02
IV-9.1 51 0.17 0.22 0.12 0.04
IV-9.2 51 0.20 0.25 0.16 0.03
IV-9.3 51 0.23 0.30 0.19 0.04
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Table 3.2.3-5. Post-Strip Coating Thickness Readings for 0.064-in. Panels

Panel Substrate Average Post- Maximum Post- [ Minimum Post- Standard
Number | Thickness Strip Coating Strip Coating Strip Coating Deviation
(mil) Thickness (mil) Thickness (mil) Thickness (mil) (mil)
IV-1-1.10.2 64 0.32 0.36 0.27 0.03
IV-1-1.10.3 64 0.33 0.39 0.28 0.04
IV-1-1.9.2 64 0.32 0.35 0.30 0.02
IV-1-1.9.3 64 0.32 0.34 0.30 0.01
IV-1-1.9.4 64 0.30 0.33 0.27 0.02
IV-9.3 64 See Note. See Note. See Note. See Ngte.
Note: Data were not recorded.
f'- : 2 n
5 6
1 12
7 7 8 9 45

0.016-in. panels
(22 in. by 22 in.)

0.051-in. panels

(22 in. by 22 in.)

0.064-in. panels
(12 in. by 12 in.)

Figure 3.2.3-1. Paint Thickness Reading Locations

During Sequence 2, as reported in Eigh ProgressReport localized heatingccurred in
11 of 15 of the 0.016-inch panels because only their outer edges were restrained by the test fixture.
This methodwas inadequate to prevent22- by 22-inchsheet of thin-gaugmaterialfrom being
lifted towardthe flashlamp by the vacuusystem. FoiSequence 3Boeing-St. Louis designed,
built, and used a vacuum hold-down fixture, which prevented lifting of the panels during stripping
(Figure 3.2.3-2). The readeshouldnote thatsuch difficulties probably will not occur iractual
service, where fabricated structures are unlikely to includenaapported span of thisngth and

gauge.
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Figure 3.2.3-2. Boeing-St. Louis designed a vacuum plate to provide support to both the 22-in. by
22-in. panels and the 12-in. by 12-in. panels during FLASH 3 Tpping. A technician installs a
rubber gasket seal into the vacuum plate groove for 12-in. by 12-in. panel stripping.

After stripping, some control panegjain contained residual primiat was not uniform
over each panel’s surface. Boeing-St. Louis’ preferred approacHeavi® approximatel®.5 mil
or less of primerTable3.2.3-6 showshe approximate percentages of primer remdvewh the

panels.

Table 3.2.3-6. Percentage Primer Removed

Panel Average Primer Thickness Percent Percent
Thickness (mil) | Thickness (mil) | Remaining (mil) [ Remaining (%)| Removed (%)
0.016 0.75 0.32 43 57
0.051 0.75 0.19 26 74
0.064 0.75 0.32 42 58

Note: Average Primer Thickness: (0.6 + 0.9)/2 = 0.75 mil

The non-uniform residual coating may be related to two factors: uneven paint thickness and
uneven stripping, which occuisecause the lamp’s intensity is higher in the centeeawh
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stripping width and tapers off on each end. The FLASH3y$tem can compensate somewhat by
slightly overlapping each stripping pass and varying pass directions.
The MSFC point of contact is EH33/Steve Burlingame at (256) 544-8860.

3.2.4. CQ, Laser Stripping

Panels to be CQaser stripped during the third depainting sequence have been delivered to
new TAC committeemember, General Lasertronics Corporation of Sabi@ra, California.
Sequence 3 data for G@ser stripping will be presented in the final report.

The MSFC point of contact is EH33/Steve Burlingame (256) 544-8860.

3.2.5. Plastic Media Blasting

During the third depaintingequence, this process was used to stripo2®ol panels cut
from non-clad 2024-T&luminumsheetghatwere0.016inch thick (12 specimens), 0.05ihch
thick (3 specimens), and 0.064 inch thick (14 specimens). This process was also used to strip 10
control panels cutrom clad 2024-T3aluminumsheetghatwere0.016 inch thick (5 specimens)
and 0.032 inch thick (5 specimens). (See Table 3.2.5-1.)

Table 3.2.5-1. Test Parameters for Plastic Media Blasting (Sequence 3)

Substrate Pressure Angle of Stand-off Media Mesh
Thickness (psi) Attack Distance Flow Rate Size
(in.) (deg) (in.) (Ib/hr)
0.016 30 30 16/20 and
0.032 35 30 to 45 8to 12 250 to 500 20/30 mix
0.051 35 30 (20/80%)
0.064 40 30 to 45

Note: Low pressures were used to blast these substrates to avoid bending caused by induced residual stresses. Early
in the study, itbecame apparetthat the 0.016-in. control panatsuld not beblasted at pressures higher
than 30 psi without bending.

Testingwas conducted aMSFC using a PMBunit from Titan AbrasiveSystems(Model
6060SDCR).Type V plastic mediavere deployed, using @ozzlewith an insidediameter of
0.5 inches at the throat. Strip rates were improved slightly by increasing the flow rate of the plastic
media, as well as by combining some 16/20 mesh media with smaller 20/30nediah(at a ratio
of 20 to 80%, respectively) to increase the aggressiveness of this process. Media effectiveness was
noticeably reduced after ~10 strip sequences. Table 3.2.5-2 shows average rebgtadorclad
samples; Table8.2.5-3, 3.2.5-4,and 3.2.5-5 showaverageresults forthe cladsamples; and
Appendix A.2.5 gives detailed results.
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Table 3.2.5-2. Average Results for Plastic Media Blasting
of Non-Clad Samples (Sequence 3)

Substrate Stripped Time Strip Rate Surface Roughness| Coatings
Thickness Area to Strip (in.2/min) After Stripping Removed
(in.) (in.2) (min:sec) (uin.)
0.016 484 17:50 27.08 20.9 100% topcoat
0.051 484 14:52 32.50 28.6 and
0.064 144 5:21 26.99 14.2 80% primer
Table 3.2.5-3. Average Results for Plastic Media Blasting
of Clad Samples (Sequence 1)
Substrate Stripped Time Strip Rate | Surface Roughness| Coatings
Thickness Area to Strip (in.2/min) After Stripping Removed
(in.) (in.?) (min:sec) (pin.)
0,
0.016 484 23:09 20.9 37.5 100%
topcoat
0,
0.032 484 22:15 21.8 120.8 and 80%
primer
Table 3.2.5-4. Average Results for Plastic Media Blasting
of Clad Samples (Sequence 2)
Substrate Stripped Time Strip Rate Surface Roughness| Coatings
Thickness Area to Strip (in.?/min) After Stripping Removed
(in.) (in.2) (min:sec) (pin.)
0,
0.016 484 21:13 22.8 40.2 100%
topcoat
0,
0.032 484 19.10 253 94.0 and 80%
primer
Table 3.2.5-5. Average Results for Plastic Media Blasting
of Clad Samples (Sequence 3)
Substrate Stripped Time Strip Rate Surface Roughness| Coatings
Thickness Area to Strip (in.2/min) After Stripping Removed
(in.) (in.2) (min:sec) (pin.)
0,
0.016 484 17:31 27.63 See Note 100%
topcoat
0,
0.032 484 16:07 30.06 See Note and 80%
primer

Note: Because of an anomaly during processing, these data are not available.

23




Beginning in Sequence 3, olaboratory procedures were modified to adg@pbcess
parameters that are more representative of production stripping in the field. For Sequences 1 and 2,
we used a nozzle with an inside diameted.@b inches at thehroat. For Sequencesadd 4, we
areusing anozzlewith an insidediameter of0.5 inches at thehroat. (Thischange increased the
stripping rate.) The 3-inch stand-off distance was increased to 8 to 12 inches during this cycle.

The MSFC point of contact is EH33/Johnnie Clark at (256) 544-2799.

3.2.6. Sodium Bicarbonate Wet Stripping

Data for the third depainting cycle for this process will be reported in the final.report
The MSFC point of contact is EH33/David Hoppe at (256) 544-8836.

3.2.7. WaterJet Blasting

Data for the third depainting cycle for this process will be reported in the final.report
The MSFC point of contact is EH33/David Hoppe at (256) 544-8836.

3.2.8. ENVIROSTRIP ®Wheat Starch Blasting

During the third depainting sequence, this proeess used to striB0 control panels cut
from non-clad 2024-T&luminumsheetghatwere0.016inch thick (19 specimens), 0.05ihch
thick (5 specimens), and 0.06%h thick (6specimens). Ihate July 1997,they were shipped to
the ENVIROSTRIP Test Center (jointly operated by ADM/Ogilvie aGAE Electronics, Ltd.) in
Montreal, Quebec, Canada. By early SepterdB87, all panels had been stripped and returned to
MSFC.

The panels weralepaintedusing ENVIROSTRIP wheat starchmedia in a typical
production mix, determined by removing various coating systems at standard operating parameters
(20 to 40 psi, 8 to 18 Ib). New media (12 to 30) were continuously added to the mateaiod 10
to 15% per cycle. The mix had a broad patrticle size réhgeo 120),the majority being between
20 and 100.

During Sequence 3, the mansgktem produced strip ratssnilar to those reported for
Sequence 2 for the 0.051-inch and 0.64-inch thick panels; the manual stripr#tesix 0.016-
inch thick panels fell between thosetbé first and second sequendgsita appearing in theifth
Progress Repo)t The semi-automatic system also produced strip rates similar to those reported for
Sequence 2.

The MSFC point of contact is EH33/Steve Burlingame at (256) 544-8860.
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3.2.8.1. Manual

Manual blasting was performed on 11 control panels cut from non-clad 202dshBium
sheets that wer@.016 inch thick (6specimens), 0.05ihch thick (2specimens), an@.064 inch
thick (3 specimens). (See Table 3.2.8.1-1.)

Table 3.2.8.1-1 Test Parameters for
Manual ENVIROSTRIP ® Wheat Starch Blasting (Sequence 3)

Substrate | Pressure Media Mesh Projection | Stand-off | Stripping
Thickness (psi) Flow Rate Size Angle Distance Width
(in.) (Ib/min) (deg) (in.) (in.)
0.016 20 18
0.051 30 12 12 to 12 30 to 60 4t08 0.75
0.064 30 12

The operatoused a standard 0.5-indouble venturi nozzle. Natatistically significant
changes were seen in surface roughness values, wénned well withinacceptabldevels.
Table3.2.8.1-2 shows average results, while Appendix A.2.8 gives detailed results.

Table 3.2.8.1-2. Average Results for
Manual ENVIROSTRIP ® Wheat Starch Blasting (Sequence 3)

Substrate Time Strip Rate | Surface Roughness| Coatings
Thickness to Strip (in.2/min) After Stripping Removed
(in.) (min:sec) (uin.)
0.016 3:03 71.0 18.7 100% topcoat
0.051 2:04 105.3 17.0 and
0.064 1:58 110.0 15.2 99% primer

3.2.8.2. Semi-Automatic

Semi-automatic blasting was performed on 19 panels cut from non-clad 2@24rTiBum
sheets that were 0.016 inch thick (13 specimens), Or@hlthick (3specimens), anf.064inch
thick (3 specimens). (See Table 3.2.8.2-1.)
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Table 3.2.8.2-1. Test Parameters for
Semi-Automatic ENVIROSTRIP® Wheat Starch Blasting (Sequence 3)

Substrate | Translational | Pressure Media Mesh | Projection | Stand-off | Stripping
Thickness Velocity (psi) Flow Rate | Size Angle Distance Width
(in.) (in./sec) (Ib/min) (deg) (in.) (in.)
0.016 1.2 20 18 12
0.051 2.1 40 12 to 45 3 4.25
0.064 2.1 40 12 120

The testsystem included a computer-controlléour-axis gantry-style robotic system
designed by CAE, with €&AE T-7 flat nozzle No statistically significant changesere seen in
surface roughness values, whigmained well withiracceptabldevels. Table 3.2.8.2-2 shows
average results, while Appendix A.2.8 gives detailed results.

Table 3.2.8.2-2. Average Results for
Semi-Automatic ENVIROSTRIP® Wheat Starch Blasting (Sequence 3)

Substrate Time Strip Rate | Surface Roughness| Coatings
Thickness to Strip (in.2/min) After Stripping Removed
(in.) (pin.)
0.016 44 293.3 19.9 100% topcoat
0.051 24.2 535.5 15.1 and
0.064 24.2 535.5 15.7 99% primer

3.3. Surface Roughness

These measurements allow determination of any changes touthieness othe substrate
surfacethat may have beenaused by the depaintingrocesses under Stud$pAE MA4872
(draft 4) requiresthat all surface roughnessneasurements remaidl25 microinches after a
minimum of 5 depaintingycles. Surface roughnesseasurements that excettis requirement
may indicate that the substrate's structural integrity has been compromised.

The test specimenwere measured using a Giddings and Lewisfilometer and a
Hommelwerke T500 profilometer (operatdoice). Bothgive values of B the arithmetic mean
roughness valueand both were checked witthe sameroughness standarbefore taking
measurements.

Surface roughnessmeasurements were taken at a number of locationsadnsubstrate,
the number varying according to test specira@e. The original baseline measurements were
made after the test specimens were cut, cleaned, and iridited (but before thepatenieand aged
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for thefirst stripping sequencepuring eachsequencegach test specimenas measured after
stripping and aftecleaning in preparatiofor coating and agingluring the nextsequence. (See
Tables 3.3-1, 3.3-2, and 3.3-3.)

The most significant effect in surface roughness to date has been a one-time attempt to use a
phosphoric acid bath to remove alodine and residual coatings from the control panels after stripping
during Sequence 1. Asrasult, surface roughnesslues unexpectedly increased durpast-
cleaning measurements for Sequence 1, which led to a decision to remove the phasichbaih
from the cleaning procedure. (See Section 3Hifthh Progress Repoit

Post-stripping surface roughness values for Sequences 2 anth8 éiemicaktripping,
FLASHJET®, and ENVIROSTRIP wheat starchprocesses showetittle change frompost-
cleaning surfaceoughness/alues for Sequence 1For the plastic medidlastingprocess, the
surface roughness measurements for all panels increased dramaticaltiidrbaseline to therst
post-stripping measurements. The first post-stripping surface roughness measurements for two of
these panels surpassed the 125-microinch limit, but as they were cleaned, theircudiacess
dropped below this limit.The Sequence 1 post-cleansgrface roughnesseasurementsor all
the PMB clad panels decreased.With further processing during Sequence tBe surface
roughness measurements continued to decrease. Possible reasoninfdudiei€l) the decrease
in remnant primer after stripping as our stripping skills improved, (2) the fact that it is not possible
to take each set of measurements at precisely the same points on a substratehenmbg3ibility
that, during each depainting cycle, some clad material may be lost, so that the measurements would
have been made on the smoother, bare material

The MSFC point of contact is EH12/Miria Finckenor at (256) 544-9244.
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Table 3.3-1. Average Surface Roughness Measuremenjisn() Through Sequence 2

8¢

Increase in Surface
_ : Sequence 1 Sequence 2 Roughness (Baseline to)
Depainting Baseline Sequence 2
Process Measurements After After After After After After
Stripping Cleaning Stripping Cleaning Stripping Cleaning
Chemical 1.6 1.8 11.0 10.1 10.2 +8.5 +8.6
FLASHJET® 1.9 27.0 15.7 16.8 14.7 +14.9 +12.8
CQ, Laser 2.3 13.2 13.4 13.3 12.4 +11.0 +10.1
PMB 25 14.2 33.7 20.9 18.3 +18.4 +15.8
Sodium Bicarbonatg 1.8 34.2 23.1 24.4 23.0 +22.6 +21.p
WaterJet 1.9 7.3 24.5 25.3 26.1 +23.4 +24.2
ENVIROSTRIP® 1.3 2.7 25.4 18.2 19.4 +16.9 +18.1
Wheat Starch

Notes: 1. During Sequence 1, the cleaning procedure included a phosphoric acid bath that etched the control panels, greathuiriaseasing
roughness values. After Sequence 1, the phosphoric acid bath was eliminated from the cleaning process.

2. In this table, some processes appear to have produced lower surface roughness values during Sequence 2 than during Sequence 1
This phenomenon, however, is a result of the fact that approximately nine separate measurements are averaged to arrive at each
surface roughness value shown. Some variability also results from the fact that each set of measurements must be taken at rando
locations on the control panel, since it is not possible to make each set of measurements at the same points with any precision

3. In theFourth andFifth Progress Reporfghe average baseline measurement for chemical stripping (1.2) was the average of all
initial panels (102) designated for chemical stripping. As the study has progressed, the number of chemical stripping panels ha
stabilized at 50; therefore, beginning with this report, the baseline measurement for chemical stripping (1.6) is thé ¢nesmge o
50 panels alone.

4. Asreported in thEifth Progress Repoybnly those chemically stripped panels that were measured for ESCA surface analysis after
stripping were measured for surface roughness after stripping. This figure (1.8) is the average for the 25 panels thahemain i
chemical stripping process and that were measured for surface roughness after stripping. For the remaining sequences, average
after-stripping surface roughness data for chemical stripping include all 50 panels.
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Table 3.3-2. Sequence'Bverage Surface Roughness Measurementgii(.)

- _ Sequence 3 Increase in Surface Roughness
Depainting Baseline q (Baseline to Sequence 3)
Process Measurements After After After After
Stripping Cleaning Stripping Cleaning
Chemical 1.6 10.3 10.5 +8.7 +8.9
FLASHJET 1.9 19.2 15.2 +17.3 +13.3
CO, Laset 2.3 — — — —
PMB 2.5 185 16.2 +16.3 +13.7
BOSS 1.8 — — — —
WaterJet 1.9 — — — —
ENVIROSTRIP® 1.3 18.1 16.8 +16.8 +15.5
Wheat Starch

Notes: 1. A complete list of surface roughness measurements is given in Appendix A.3.

2. Sequence 3 surface roughness data forl&@r stripping, BOSS, and WaterJet will be presented in the next progress
report.

Table 3.3-3. Sequences 1 and®erage Surface Roughness Measurementgili.) for PMB Clad Panels

Sequence 1 Sequence 2 Increase i_n Surface Roughnes$ Increase i_n Surface Roughness];
Baseline (Baseline to Sequence 1) (Baseline to Sequence 2)
Measurements After After After After After After After After
Stripping Cleaning Stripping Cleaning Stripping Cleaning Stripping Cleaning
1.6 78.1 74.4 67.1 43.6 76.5 72.8 65.5 42

Note: A complete list of PMB surface roughness measurements is given in Appendix A.3.




4.0 METALLURGICAL EVALUATIONS

Several metallurgical evaluations are now being made of eight environmentally advantaged
chemicals, including alkaline/neutral strippers (Gage Stingray 874B and @8t&) 6813-E, and
6840-S) and acid strippers (Cee-Hed004B,EZE 540, PR-2002and Turco6776), aswell as
this study’s twoalkaline/neutral andcid methylene chloridbaselines (Cee-Bee-256 andCee-

Bee A-202, respectively). The following tasks are being performeeétesmine theorrosion and
hydrogenembrittlement potentials that these chemicals malg for clad and non-clad 2024-T3
aluminum substrates.

AmericanSocietyfor Testing & Materials (ASTM)F483-90, “Standard Test Method for

Total Immersion Corrosioestfor Aircraft MaintenanceChemicals,” is being conducted

to determine thecorrosiveness of thesehemicals on aircraft metalwith time under

conditions of total immersion by a combination of weight change measurements and visual

gualitative determination of change. Since many aircraft maintenance chemiazdedren
components and structuréisat would be affected adversely by excessive dimensional

change, this test method scredéims chemicals t@nsurecompliancewith specified weight
change criteria.

ASTM F1110-90, “Standard Test Methodor Sandwich Corrosion Test,” ibeing
conducted to evaluate tlworrosivity of thesechemicals on aluminum alloys commonly
used foraircraft structures. Thigest method isised inthe qualification and approval of
compounds employed in aircraft maintenance operations.

ASTM F519-93,“Standard Test Methotbr MechanicalHydrogenEmbrittlement Testing
of Plating Processeand Aircraft MaintenanceChemicals,” is being conducted ¢waluate
any hydrogen embrittlement potential that may ariseaai®us sources of hydrogea.(.
plating processes, fluids, cleaning treatments,maintenance chemicals, gaseous
environmentghat may contact theurface of steeldpteractwith substrates stripped with
these chemicals.

Mechanical testing is being conducted per SME4872, “Paint Stripping ofCommercial
Aircraft - Evaluation of Materials and Processes,” to determine effects on fhifey(iBype II) for
all processes, as well as crack detectability for the four media blast processes: soalinomate
wet stripping, PMB, WaterJet, and ENVIROSTRWheat starch.

MSFC points ofcontact areeH22/Pete Belcher #256) 544-3378, EH22/Pablo Torres at
(256) 544-2616, EH23/Dr. PrestdvicGill at (256) 544-2604and EH23/Hansel Gill af256)

544-9027.
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4.1. Total Immersion Corrosion Testing (ASTM F483-90)

Over 60 testtoupons werdabricated withthe dimensions of 2 inches by 1 inch by
0.064 inch (50.8 mm by 25.4 mm by In6n) from clad and non-clad 2024-Taluminumalloy.

The non-clad material was anodized per MIL-A-8625C, Typer Thromicacid. Test results (as
reported in therifth Progress Reportare represented here in Tab#e&-1 through4.1-6. Note

that all chemicals were tested in the as-received condition. A detailed outline of the test procedure is
presented in thEifth Progress ReporiSection 3.3.3.1.

An assessment of these data suggests that almost no weight loss was exhibitedteser
period by coupons treated with alkaline/neutral strippers. Significantly higher weight loss was seen
for coupons treated with acid strippers. The highest long-term removal rates were noted with Turco
6776, followed by EZE 540.

For clad substratesall tested chemicals resulted acceptablenveight loss rates per SAE

MA4872. Cee-Bee A-202 (the acid methylene chloride basebme)PR-2002 produced
etching, pitting, and localized attack on clad coupons.

For non-cladsubstratesalmostall chemicalsproducedacceptableveight loss rates per
SAE MA4872. Turco6776, EZE 540, and Cee-Be&\-202, however, producedeight
loss rates in excess of the maximuate specified0.2 mg/cnt/24 hr). EZE 540 andCee-
Bee A-202 produced etching, pitting, and localized attack on non-clad coupons.

Table 4.1-1. Average Weight Loss Rates for Clad and Non-Clad 2024-T3
Test Coupons during Total Immersion Corrosion Testing

Non-Clad 2024-T3 Clad 2024-T3
Chemical Tested Exposed for Exposed for | Exposed for Exposed for
24 hr 168 hr 24 hr 168 hr

Turco 6813Alkaline) 0.0035 -0.0005 0.0000 -0.0025
Turco 6813-HAlkaline) 0.0071 -0.0015 0.0000 -0.0020
Turco 6840-SAlkaline) 0.0000 -0.0010 -0.0071 -0.0020
Stingray 874BNeutral) 0.0000 -0.0005 0.0000 -0.0010
Cee-Bee R-256Ikaline baseline) 0.0000 0.0015 0.0000 -0.0015
Turco 6776(Acid) 0.3121 0.4189 0.2092 0.3440
EZE 540(Acid) 0.2943 0.2771 0.2624 0.2036
PR-2002(Acid) 0.0319 0.0709 0.0000 0.1054
Cee-Bee E-1004Bxcid) 0.1986 0.1717 0.1773 0.1327
Cee-Bee A-202Acid baseline) 0.2979 0.2594 0.1950 0.1753

Note: These measurements represardrageneight lossdivided bytotal couponarea(28.2 cnf) expressed as
loss in milligrams per square centimeter per 24 hours. Negative numbieateweight gains, possibly
caused by very slight variations in measurement and/qurésence ofemnant corrosion depositsince
these test coupons were not electrolytically cleaned.
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Table 4.1-2. Complete Data for Clad and Non-Clad 2024-T3 Test Coupons
during Total Immersion Corrosion Testing

Non-Clad 2024-T3 Clad 2024-T3
Chemical Coupon Weight Loss (mg) Coupon Weight Loss (mg)
Tested Number| After 24 hr | After 168 hr || Number | After 24 hr | After 168 hr
Turco 6813 1 0.1 -0.2 49 0.0 -0.5
(Alkaline) 2 0.1 0.0 50 0.0 -0.4
3 0.1 0.0 51 0.0 -0.7
Average 0.1 0.1 Average 0.0 -0.5
Turco 6813-E 4 0.3 -0.2 52 0.0 -0.3
(Alkaline) 5 0.2 -0.2 53 0.0 -0.4
6 0.0 -0.5 54 0.0 -0.4
Average 0.2 -0.3 Average 0.0 -0.4
Turco 6840-S 7 0.0 -0.6 55 0.0 -0.2
(Alkaline) 8 0.0 0.0 56 -0.5 -0.8
9 0.0 -0.1 57 -0.1 -0.3
Average 0.0 -0.2 Average -0.2 -0.4
Stingray 874B 10 0.0 0.0 58 0.0 -0.3
(Neutral) 11 0.0 -0.2 59 0.0 -0.1
12 0.1 0.0 60 0.1 -0.2
Average 0.0 0.1 Average 0.0 -0.2
Cee-Bee R-256 13 0.0 -0.2 61 -0.1 -0.3
(Alkaline baseline) 14 0.0 -0.3 62 0.0 -0.3
15 0.0 -0.3 63 0.0 -0.4
Average 0.0 -0.3 Average 0.0 -0.3
Turco 6776 16 10.6 90.7 64 4.7 58.8
(Acid) 17 7.7 82.1 65 5.5 62.1
18 8.2 75.4 66 7.4 82.8
Average 8.8 82.7 Average 5.9 67.9
EZE 540 19 11.3 61.1 67 6.4 35.2
(Acid) 20 7.0 56.6 68 10.5 43.8
21 6.5 46.4 69 5.4 41.6
Average 8.3 54.7 Average 7.4 40.2
PR-2002 22 1.2 12.8 70 -0.1 19.2
(Acid) 23 1.0 9.4 71 - 0.2 25.0
24 0.4 19.8 72 0.4 18.3
Average 0.9 14.0 Average 0.0 20.8
Cee-Bee E-1004B 25 4.5 28.5 73 6.3 29.4
(Acid) 26 5.2 34.1 74 4.0 24.5
27 7.1 39.1 75 4.7 24.7
Average 5.6 33.9 Average 5.0 26.2
Cee-Bee A-202 28 8.2 52.3 76 5.1 33.6
(Acid baseline) 29 8.5 50.9 77 6.1 35.2
30 8.5 50.3 78 5.4 35.1
Average 8.4 51.2 Average 5.5 34.6
Note: Negative numbers indicate weight gains, possibly the result of very slight variations in measurement and/or

the presence of remnant corrosion deposits, since these test coupons were not electrolytically cleaned.
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Table 4.1-3. Visible Changes in Non-Clad 2024-T3 Test Coupons
after Total Immersion Corrosion Testing (24-hr Exposure)

Chemical c o I _ Accretions Selective

emica oupon iscoloration . .

Tested Numpber or Dulling Etching Prgseelzfiieand Pitting Locglrized

Amounts Attack

Turco 6813 1

(Alkaline) 2 yes no no no no
3

Turco 6813-E 4

(Alkaline) 5 yes no no no no
6

Turco 6840-S 7 no

(Alkaline) 8 some no no no no
9 no

Stingray 874B 10 some

(Neutral) 11 some no no no no
12 no

Cee-Bee R-256 13 no

(Alkaline baseline) 14 one spot no no no no
15 no

Turco 6776 16

(Acid) 17 yes yes no no no
18

EZE 540 19

(Acid) 20 a little yes no no no
21

PR-2002 22 some

(Acid) 23 yes (spots) some no no yes
24 no

Cee-Bee E-1004 25 yes

(Acid) 26 (yellow yes no no no
27 spots)

Cee-Bee A-202 28 yes

(Acid baseline) 29 (brown yes no no no
30 spots)

Note: A bleached appearance was noted on all coupons tested with Cee-Bee A-202.
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Table 4.1-4. Visible Changes in Clad 2024-T3 Test Coupons
after Total Immersion Corrosion Testing (24-hr Exposure)

Chemical Coupon | Discoloration . P,?(;:chﬁ(t:i:n:nd e ST O'I
Tested Number or Dulling Etching Relative Pitting Localized
Attack
Amounts

Turco 6813 49

(Alkaline) 50 no no no no no
51

Turco 6813-E 52

(Alkaline) 53 no no no no no
54

Turco 6840-S 55

(Alkaline) 56 no no no no no
57

Stingray 874B 58

(Neutral) 59 no no no no no
60

Cee-Bee R-256 61

(Alkaline baseline) 62 no no no no no
63

Turco 6776 64 yes

(Acid) 65 (coupons yes no no no
66 whitened)

EZE 540 67 yes

(Acid) 68 (coupons yes no no no
69 whitened)

PR-2002 70 yes

(Acid) 71 (many no no no no
72 spots)

Cee-Bee E-1004B 73 yes

(Acid) 74 (coupons yes no no no
75 whitened)

Cee-Bee A-202 76 yes

(Acid baseline) 77 (coupons yes no no no
78 whitened)

Note: A bleached appearance was noted on all coupons tested with acid strippers, as a result of etching.
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Table 4.1-5.Visible Changes in Non-Clad 2024-T3 Test Coupons

after Total Immersion Corrosion Testing (168-hr Exposure)

Chemical Coupon | Discoloration . péggéﬁéi:n;nd o Selective or
Tested Number | or Dulling SiEnme Relative Pitting Localized
Attack
Amounts

Turco 6813 1

(Alkaline) 2 yes no no no no
3

Turco 6813-E 4

(Alkaline) 5 yes no no no no
6

Turco 6840-S 7 no

(Alkaline) 8 small spots no no no no
9 no

Stingray 874B 10 very little

(Neutral) 11 a little no no no no
12 no

Cee-Bee R-256 13 very little

(Alkaline baseline) 14 very little no no no no
15 no

Turco 6776 16 yes

(Acid) 17 (coupons yes no no no
18 whitened)

EZE 540 19

(Acid) 20 yes yes no some yes
21

PR-2002 22 yes

(Acid) 23 (many yes no yes yes
24 spots)

Cee-Bee E-1004B 25

(Acid) 26 yes yes no some yes
27

Cee-Bee A-202 28

(Acid baseline) 29 yes yes no yes yes
30

Notes: 1.

Discoloration or dulling of the coupons was typically accompanied by spots on the surface, which might

be attributed to corrosion deposits. The largest spots were found on coupons 19 through 27.

2. PR-2002 produced a very deteriorated appearance on coupons 22, 23, and 24.

3. Cee-Bee A-202 (a methylene chloride stripper being used axitheaseline)producedmore pitting on
non-clad coupons than any other chemical product. Extensive pitting was seen on coupon 28.
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Table 4.1-6. Visible Changes in Clad 2024-T3 Test Coupons

after Total Immersion Corrosion Testing (168-hr Exposure)

Chemical Coupon | Discoloration . pﬁgséﬁéz)n;nd o Selective or
Tested Number | or Dulling EtisinIng Relative Pitting Localized
Attack
Amounts
Turco 6813 49 some
(Alkaline) 50 very little no no no no
51 some
Turco 6813-E 52
(Alkaline) 53 some no no no no
54
Turco 6840-S 55
(Alkaline) 56 very little no no no no
57
Stingray 874B 58
(Neutral) 59 no no no no no
60
Cee-Bee R-256 61 some
(Alkaline baseline) 62 very little no no no no
63 very little
Turco 6776 64 yes
(Acid) 65 (coupons yes no no no
66 whitened)
EZE 540 67
(Acid) 68 yes yes no no no
69
PR-2002 76 yes yes yes
(Acid) 71 some yes no no no
7242 yes yes yes
Cee-Bee E-1004B 73 almost
(Acid) 74 yes yes no none no
75
Cee-Bee A-202 76
(Acid baseline) 77 yes yes no yes yes
78

Notes: 1.

2. Coupon 72 had a very deteriorated appearance.
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4.2. Sandwich Corrosion Testing (ASTM F1110-90)

Testcoupons werdabricated withthe dimensions of 2 inches by 4 inches @64 inch
(50.8 mm by 100.2 mm by 1.6 mm) using cktl non-clad 2024-Tdluminumalloy. Non-clad
material was anodized per MIL-A-8625C, Typdot chromicacid. Fourtest couporsandwiches
were tested pechemicalper alloy, eachcomprised of twandividual testcoupons sandwiched
together in pairs of the same alloy and surface treatment. Four coupon sandwiches were tested with
reagent deionized water (paSTM D1193, Type V) ascontrols forcomparativepurposes. All
panels were cleaned, first with acetone, then with ethyl alcohol.

Both clad and non-clad sandwich pairs were usdddiall chemicals, which wereixed
thoroughly to ensure uniformity before being appliedhi testcoupons. Ineachcase, giece of
glassfiber filter paperwas fit over one coupon athe sandwiched pair. Firstthe paper was
saturated witithe as-received tesblution. Thenithe wet papewas covered withthe second
coupon of the sandwich pair. (Reagent water was used as a test dolutlwn controlgroup per
ASTM F1110-90.)

This test had a duration of 16®urs. For 4 dayshe sandwich pairs were exposed for 8
hours in an air oven maintained at 280(37.7°C). Immediatelyafterward,they were moved to a
humidity cabinet maintained 400 £2 °F (37.7 +1 °C) and arelative humidity of 95 tdl00%,
where they were exposed for h6urs. Onthe fifth day, the sandwich pairs weragainexposed
for 8 hours in the air oven at 100 (37.7°C) and then moved to the humiditgbinet[100 +2 °F
(37.7£1 °C) andrelative humidity 95 tdl00%], wherethey were exposefibr the last 64hours.
Each set was exposed individually (not stacked) in a horizontal position. (See Table 4.2-1.)

Table 4.2-1.Exposure Schedule for Sandwich Corrosion Testing

Step Exposure Time Temperature Relative Humidity
(x 0.5 hr)
1 8 hr 100°F (37.7°C) Ambient
2 16 hr 10C°F (37.7°C) 95 to 100%
3 8 hr 100°F (37.7°C) Ambient
4 16 hr 10C°F (37.7°C) 95 to 100%
5 8 hr 100°F (37.7°C) Ambient
6 16 hr 10C°F (37.7°C) 95 to 100%
7 8 hr 100°F (37.7°C) Ambient
8 16 hr 10C°F (37.7°C) 95 to 100%
9 8 hr 100°F (37.7°C) Ambient
10 64 hr 10CF (37.7°C) 95 to 100%
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After exposurethe panelsvere cleanedwith warmtap water and lightlyscrubbed with a
soft nonmetallic bristlebrush. Each specimerset was then dried and examinednder 10x
magnification and rated according to scales provided in ASTM F1110-90. (See Table 4.2-2.)

Table 4.2-2. Rating Scale for Sandwich Corrosion Testing

Rating Condition
0 No visible corrosion
1 Very slight corrosion or discoloration
(up to 5% of the surface area corroded)
2 Slight corrosion
(5 to 10% of the surface area corroded)
3 Moderate corrosion
(10 to 25% of the surface area corroded)
4 Extensive corrosion or any pitting
(25% or more of the surface area corroded)

Corrosion ratings were then compared for coupons tested with chemicals versus the control
group, i.e., coupondested with reagewater. These comparisons only considertéd surfaces
that were underthe filter paper, and any corrosion athe edges was disregardedSee
Table 4.2-3.) Any corrosion in excess of that shownhgycontrolgroup is consideredause for
rejection, according t&ASTM F1110-90.Test datafrom the sandwich corrosion testing were
presented in thEifth Progress Repornd are represented here in Table 4.2-3.

On clad material, reagent watappears to have produced more seweseosion or
discoloration than did the chemicadrosssections of selected sampla® presented ifigures
4.2.-1, 4.2.-2, and 4.2-3. On non-clad material, all acid strippers produmedsevereorrosion
than did reagent water.
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Table 4.2-3.Sandwich Corrosion Test Results

Chemical Non-clad 2024-T3 Clad 2024-T3
Tested Sandwich Number Rating | Sandwich Number Rating |
Deionized Watér 1 3 121 3
(Control group per 3 3 123 3
ASTM D1193, Type IV) 5 3 125 3
7 3 127 3
Turco 6813 9 1 129 3
(Alkaline) 11 2 131 3
13 2 133 3
15 3 135 3
Turco 6813-E 17 2 137 2
(Alkaline) 19 2 139 3
21 2 141 2
23 2 143 3
Turco 6840-S 25 3 145 2
(Alkaline) 27 3 147 3
29 2 149 2
31 2 151 3
Stingray 874B 33 3 153 3
(Neutral) 35 3 155 3
37 3 157 3
39 3 159 3
Cee-Bee R-256 41 2 161 1
(Alkaline/neutral baseline) 43 3 163 2
45 2 165 2
47 3 167 1
Turco 6776 49 4 169 3
(Acid) 51 4 171 3
53 4 173 3
55 4 175 3
EZE 540 57 4 177 3
(Acid) 59 4 179 4
61 4 181 3
63 4 183 3
PR-2002 65 4 185 3
(Acid) 67 4 187 3
69 4 189 3
71 4 191 3
Cee-Bee E-1004B 73 4 193 3
(Acid) 75 4 195 2
77 4 197 3
79 4 199 2
Cee-Bee A-202 81 4 201 3
(Acid baseline) 83 4 203 2
85 4 205 2
87 4 207 3

Notes: A rating of 4 is considered cause for rejection.
The coupons tested with reagent water showed significant discoloration and dark spots all over the surface (rating: 3).
On non-clad material, all acid strippers produced more severe corrosion than did the reagent water.

The most severe corrosion was produced by Cee-Bee A-202 (the acid methylene chloride baseline).

PONE
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(a) 100x Magnification

(b) 200x Magnification

Figure 4.2-1. Metallographic Views of Non-Clad 2024-T3 (Plate No. 6)
after Sandwich Corrosion Testing with Deionized Water
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(a) 100x Magnification

(b) 200x Magnification

Figure 4.2-2. Metallographic Views of Non-Clad 2024-T3 (Plate No. 14)
after Sandwich Corrosion Testing with Turco 6813 (Alkaline)
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(b) 200x Magnification

Figure 4.2-3. Metallographic Views of Non-Clad 2024-T3 (Plate No. 78)
after Sandwich Corrosion Testing with Cee-Bee E-1004B (Acid)

42



4.3. Hydrogen Embrittlement Mechanical Testing (ASTM F519-93)

Hydrogen embrittlement testingwas performed to determine the potential of
environmentally advantaged chemicals to introdigdrogeninto high-strengthsteels.Notched
round tensile specimens were fabricated in accordance with ASTM F519, Type 1A @ignire
Specimens were fabricated from American Iron and Steel Institute (AISI) E4340 steed dhesat
treated per MIL-H-6875 to obtain a hardness of 51 to 54 With anultimate tensilestrength of
1800 to 1930 MPa (260 to 280 ksi). This material at this hardness is assumedtdabest case
for this methodThe testfixtures were also fabricated from AIEA340steel ancheat treated to
obtain a hardness of 40 to 43 HRixtures and specimens were machined from AISI E48¢l

to minimize any polarization effects or galvanic coupling that would influence results.

0.18R TYP NOTES:

0.25 in Diam. = 0.001 1. Root radll, reduced section, and
notch root radius must be concentric

with centerline of specimen within

. 0.003 in TI.R. Transitional taper to
N blend and fair into the 0.009 to 0.012
i in radius.

2, T?r%adeimensions rr;)ust1I Ii)e as
H i specified. Measurement by fabricator is
0.3125 in 4—5'47 1.375 in —bl mandatory.
R 3. Surface finish: 32, except otherwise

3/8-16 Threads
Both Ends\

specified.
4. Continuous shaping of the grinding
Scale: 1/1 wheel (crush grinding) must be used

’ to produce all notches.
5. lwStress relief bake at 375°Fx25 for
3 h.
- - 6. Take a sample of 3 specimens to
- -~ verify hardness. It is required to be
~ between 51HRC and 54HRC (Test

- ~ Methods E18).

-
Ve
- 60.0° N 7. Take a sample of 6 specimens to
\f 7/ verify notched surface quality. No
grinding burns or untempered
2 A} martensite will be accepted
'\ (discoloration method or nital stch

\ methods E3, E407).

/ 8/ | \

/ R 0.005
/ +0.0005

/

\ If the hardness or notched surface
\ quality requirements of any of the
sampled specimens are not satisfied,
\' only those specimens of the ot that
0.177 i |  are individually inspected for
. n I conformance to this requirements may
+ 0.001 be used for testing.

0.250 in

8. Dimensions for alt the specimens
/ must meet tolerances. Notch
\ / dimenslons should be verified with
\ shadowgraphic projection at
/ 50X-100X,
/ 9. All the specimens are required to
be inspected for cracks by using
N nondestructive tests. No cracks are
4 permitted in any location. Magnetic
N /s Eaﬂicle inspection according to Guide

~ Scale: 10/1 - 708.

~ -
- —
T e - -

Notched Round Tensile Specimen (English Units)

Figure 4.3-1Notched Round Tensile Specimen
for Hydrogen Embrittlement Testing
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To determine the material’'s sensitivity hgdrogen, six othe specimens/ere exposed to
two different embrittling environments beforesting. Three specimens wewrdectroplatedunder
the highly embrittling conditionproduced in acadmium cyanide bath (Treatment A Table
4.3-1.)The other three specimens wetectroplatedinder lessembrittling conditiongTreatment
B in Table 4.3-1.) All six specimens wdaded t075% ofthe notchediltimate tensilestrength.
The three specimens plated Dseatment A failedvithin 24 hours(after 2,10, and 30 minutes),
and none of the three specimens plated teatment B failedvithin 200 hours; therefore, this lot
of 4340 steel is considered to be of suitable sensitivity.

Table 4.3-1. Conditions for Hydrogen Sensitivity Testing
(per Federal Specification QQ-P-416)

Electroplating Bath
Composition

Cadmium (AsCdO)

Treatment A Treatment B

4.5 oz/gal (33.7 g/L) 4.5 oz/gal (33.7 g/L)

Sodium cyanide (NaCN) 1dz/gal (104 g/L) 14 oz/gal (104 g/L)
NaCN/CdO ratio 3 3
pH 12 12
Temperature 70 to 9T (21 to 32°C) 70 to 90°F (21 to 32°C)

Sodium hydroxide (NaOH)

2.5 oz/gal (18.7 g/L)

2.5 oz/gal (18.7 g/L)

Brightener (Rohco 20 X L)

2.0 oz/gal (15.0 g/L)

n/a

Electroplating current 10 AAY(108 A/nt) 60 A/ft*> (645 A/nt)
Electroplating time 30 min 6 min

Baking temperature Dnot bake. 37% 25°F (190+ 14°C)
Baking time Do not bake. 23 hr

After machining,the remaining notchedound tensile specimensised toevaluate the
chemicalswere degreased and dry abrashiasted with aluminaOnce free of abrasive, the
specimens were rinsed witap waterand, while wet, immediately electroplatedising a low-
embrittlement cadmium cyanide bath (Tadl&-1, TreatmentB). The cadmium-electroplated
specimens were rinsed withp water andinsed by immersion and swirlirfgr 15 seconds in a
solution with a concentration equivalent to 5 pounds (2.3 kg) of chracidcin 10gallons (38 L)
of water. Chromic acid was removed from the specimens by rinsing withiagpidater, followed
by rinsing with hot tap water ardtying. These specimens wepdaced in aroven at 37525 °F
(191+14 °C) for 23 hours.

Each chemicalvastested in the as-received condition at 68 to°B&20 to 30°C). The
containment chambevasisolated aroundhe testspecimensThree specimens pehemical (30
total) were assembled amdaced in tension td5% ofthe notchediltimate tensilestrength. The
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loaded specimens were immersedttie chemicals in triplicate, and thane to failure was
recorded. Tests were discontinued after 150 hours.

A chemical isconsidered non-embrittling undtre conditions tested if no specimeiag
within 150 hours after immersion in the chemical at 45% of the notched ultimate séresilgth. A
chemical isconsidered embrittlinginderthe conditions tested iivo or more break within the
150-hour control period.

The specimensvere loaded in a constant strain loldme, andinitial extensometer
measurements wetaken. Employing a constant straitest, rather than the constant load test
recommended in the specification, allowed us to perform several tests simultaneacignatic
of the load frame and tensile coupon is shown in Figure 4.3-2.

Constaint ! Notched
Strain Load Specimen
Frame

jq
R eamd

Figure 4.3-2Schematic Diagram of Notched Round Tensile Specimen and Frames
for Hydrogen Embrittlement Testing

To ensurehat proper loadwvas maintained, an extensometeas placedacrosseachnon-
failed specimen before unloading (after the tesis complete).These measurements were
compared to the initial extensometeeasurements to confirm that no load relaxation occurred
during the test.
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Results of the hydrogen embrittlement testing are presented in Table 4.3-2. Numbers listed
in parentheses represehé timeinterval in which the specimerfailed. The failure ratio is the
number of specimens that failed over the number of specimens tested under the same conditions.

Table 4.3-2. Results of the Hydrogen Embrittlement Test

Chemical Tested Failure Ratio Time to Failure (hr)
Turco 6813 0/3 No Failures
(Alkaline)
Turco 6813-E 0/3 No Failures
(Alkaline)
Turco 6840-S 0/3 No Failures
(Alkaline)
Stingray 874B — Group 1 2/3 (98-145), (128-143)
(Neutral)
Stingray 874B — Group 2 1/3 (191-198)
(Neutral)
Cee-Bee R-256 0/3 No Failures
(Alkaline baseline)
Turco 6776 3/3 4.5, 6, (28-48)
(Acid)
EZE 540 3/3 0.5, (8-24), (8-24)
(Acid)
PR-2002 3/3 0.5, (7-23), (31-47)
(Acid)
Cee-Bee E-1004B 3/3 1.75, 1.75, 1.75
(Acid)
Cee-Bee A-202 3/3 0.5, 0.5, 0.5
(Acid baseline)

The acidicchemicals, including the methylene chlorloeseline failed this test:all acidic
chemical specimens failed within 4&ours of exposureAll of these specimens, however,
exhibited average failure times exceeding the methylene chlbadeline. Scanninglectron
microscopy of failuresurfacesrevealed a large region of intergranuteacture. Metallographic
cross sectioning of these samplegealedsecondary cracking belothe failuresurfaceindicative
of grain boundary attack.

Two of three specimens tested in the neutral chemical (Group 1) failed between 98 and 145
hours. Microscopy and metallography of these specimens also revealed a rediom fadilure
surface that exhibited an intergranular fracture with secondary crackimg.remaining specimen
that passethe testwasloaded to failure and exhibiteddactile failuresurface. Three additional
samples of the neutralhemicalwere then tested anare listed in Table4d.3-2 as Group 2
specimens. All of these specimens met the 150-hour exposure requirement. The exposure time for
the Group 2 specimens was extended to 200 hours with one specimen failing after 191 hours. The
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reason for the Group 1 ar@@roup 2failures forthe neutral chemical may be related to the pH of
the chemical. The pH of the neutrehemical was measured a%.7, in contrast to the
manufacturer’s reported pH of 6.5. The lower pH of the chemical as tested may be responsible for
the failures in the neutral Group 1 and Group 2 specimens.

All specimens tested in the alkaline chemigassedhe testwith no failuresnoted. Test
specimens loaded to failure after the test exhibited ductile failure surfaces.

4.4. Fatigue Life Testing (SAE MAA4872)

Testsare being performed to determihew eachstripping processmpacts fatigudife.
(This evaluation’s scope Isnited to Type IIspecimens.Yesting will be performed oolad and
non-clad 2024-T3 aluminum sheets with thicknesses of 0.016.a88@ inchesindividual sheets
of material were identified, and baseline specimens were cutdaaimsheet. Contropanels were
identified for each sheefor fatigue testing after being depainted fithmes. The testresultswill
then be compared to baseline results.

Severalstepshave been implemented to imprasensistency irthe baseline fatiguéata.
New inserts have been installed in the test machine. A series of longitudinal strain gauges was used
to instrument a tespecimen, which haseenused todevelop a methodology to ensure uniform
stressdistribution when specimerase loaded into the testachine. Specimenare beinghand-
sanded around the edges to minimize crack initiation along the sides of the specimens.

Constantamplitude tension fatigue testing is being performed ataaimum stress of
45 ksi, astressratio of R=0.1, and a frequency of 1Bz. Test datdor fatigue specimens from
three test panels are shown in Figure 4.4-1.
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Baseline Fatigue
2024-T3 Aluminum
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Figure 4.4-1. Baseline Fatigue Data, 2024-T3 Aluminum

4.5. Crack Detectability Testing (SAE MA4872)

The mediablast processes (sodiunbicarbonate wetstripping, PMB, WaterJet, and
ENVIROSTRIP wheat starch) will undergorack detectability testing to determiwiethertheir
effects might inhibit the detection slubstrate cracksThe 48 crack-detectability specimens (4
inches wide by 12 inches long) werst from the same claénd non-clad 2024-Taluminum
sheets (0.064 inch thick) as the other media blast process panelshédftemelsvere painted for
the first time and curedfor 24 hours at amlevated temperatuf®0 £3 °C (122 £5 °F)], the
specimens were precrackesing low stresintensities(lessthan 15 ksiin.) to minimize plastic
deformation at the cradip. Cracks werghengrown atleast 1 inch out okachside of electro-
discharge machine(EDM) notches,and initial crack lengthmeasurements wemade on each
specimen, using high-frequency eddy current. Figure 4.5-1 shows a precracked, painted sample.
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Specimen ID: CD-35

EDM slot Fatigue crack

3 Width: 4 in. R

Figure 4.5-1. Crack Detectability Test Specimen

Crack length will be measured again in easfcle after the tesspecimens have been
depaintedThe same inspector withake the initialand final crack lengtimeasurements. Crack
length measurements after each depairtye then will be compared to the initial crack length
measurements to assess crack closures and/or reductions in crack detectability
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APPENDIX A.1. Excerpt from ISO/SAE MA4872 (Draft 4, pp. 27-28)

SAE MA4872

APPENDIX C
TEST PANEL PREPARATION

.1 SUBSTRATE:

Test panels shall be 100 mm x 150 mm x 1.6 mm (4 in x 6 in x 0.040 in) 2024-
T3 clad aluminum unless otherwise specified in the test method.

.2 PRETREATMENT:

Test panels shall be degreased and have a chromate conversion coating applied
in accordance with prEN 2334 or MIL-C-5541.

.3 PAINT SYSTEM:

.3.1 Standard:

a.

The paint system shall consist of a layer of MIL-P-23377 epoxy primer
and a layer of MIL-C-83286 polyurethane enamel (or primer and enamel in
accordance with equivalent commercial aircraft specifications).

The dry film thickness of primer shall be 15 to 20 microns (0.6 to
0.8 mils) and the enamel shall be 40 to 60 microns (1.6 to 2.4 mils).

.3.2 Barrier/Intermediate Coat System:

a.

The paint system shall consist of a iayer of primer, intermediate coat,
and polyurethane enamel in accordance with TNA.007.10028 or TH33.0155
(or equivalent commercial aircraft specification).

The dry film thickness of the primer shall be 15 to 20 microns (0.6 to
0.8 mils), intermediate coat shall be 8 to 12 microns (0.3 to
0.5 mils), and the enamel shall be 40 to 60 microns (1.6 to 2.4 mils).

.4 APPLICATION:

a.

The paint system shall be spray applied at 23 °C + 2 °C (75 °F + 5 °F)
and 50% RH + 5% RH.

Allow the primer to dry 2 to 6 h prior to applying the enamel.
Test panels shall be cured at 23 °C + 2 °C (75 °F + 5 °F) and

50% RH + 5% RH for a minimum of seven days before artifical aging or
testing.

.5 ARTIFICAL AGING:

a.

Preliminary Screening Tests:

(1) Age panels for 750 h at 50 °C (122 °F) and 95% RH
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APPENDIX A.1l. (continued)

SAE

MA4872

C.5 (Continued):

b. Qualification Tests:

(1) Age panels in accordance with Figure Cl.

c. Test panels shall be cooled to ambient temperature prior to being

stripped.
1.

70 ¢
(160 %J
T
: 2.
M
P RT S

/ Time
-50 °¢ 1 3.
(-65 °F) l I

3 min dwell
po——30 min total cycle—J 4.

Precondition panels for 12 h at
50 °C + 2 °C (120 °F + 5 °F) and 95%
relative humidity.

Discontinue humidity control,
decrease temperature to -50 °C_

+ 2 °C (-65 °F = 5 °F), and hold for
1h.

Thermally cycle panels from -50 °C +
2 °Cto70 °C + 2 °C (-65 °F + 5 °F
to 160 °F + 5 °F) for a total of 400
cycles as shown at left.

Return chamber to ambient
temperature, and repeat steps 1 to 3
above.

FIGURE CI - Thermal Cycle Artificial Aging

C.6 REAPPLICATION OF PAINT:

a. The painting, stripping, and aging process shall be repeated until the
panel has been stripped a minimum of five cycles unless otherwise
specified by the appropriate test method.

b. Reapply the paint system in accordance with C.3 and C.4. Conversion
coating application shall be reapplied except when the primer layer is

left intact.
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APPENDIX A.2. Depainting Processes and Results (Sequence 3)
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APPENDIX A.2.1. Chemical Stripping (Sequence 3)

Paint System:

Test Specimens:

Area Stripped:
Application Methods:
Dwell Time:

Effectiveness:

MSFC Points of Contact:

Epoxy primer, 0.6 to 0.9 mil thick (MIL-P-23377F, Type 1, Class 2)
Polyurethane topcoat, 1.7 to 2.3 mil thick (MIL-C-85285B)

Clad and non-clad 2024-T3 aluminum (0.064-in. substrates)
in the form of 12-in. by 12-in. control panels

144 in?

Spray on and brush on

4 minto 5 hr

Removed up to 100% topcoat and up to 100% primer

EH33/Robin Broad at (256) 544-7016 and EH33/Regina Moore at
(256) 544-8456



Table A.2.1-1. Results for Chemical Stripping (Sequence 3)

Substrate Panel Chemical Avg. Temperature/ Time to Average Surface Roughnes§uin.)
Thickness Number Product Relative Humidity Strip Baseline | After Stripping After Cleaning
0.064 in. 1-1.2.1 Turco 6813 80F / 42% 4 hr 3.6 11.8 13.0
(non-clad) 1-1.2.2 Turco 6813 80F / 42% 4 hr 3.3 10.6 11.6
1-1.5.1 Turco 6840S 80F / 30% 5 hr 3.6 14.2 14.0
1-1.5.2 Turco 6840S 80F / 30% 5 hr 3.6 13.5 12.6
1-1.6.2 Stingray 874B 82F / 33% 5 hr 3.1 7.1 6.5
1-1.7.1 Turco 6813E 78F | 49% 2 hr, 30 min| 4.0 12.6 12.4
1-1.7.2 Turco 6813E 75F | 49% 2 hr, 30 min 4.3 8.35 9.3
1-2.11.1 EZE 540 82F / 31% 2 hr, 30 min 1.5 12.4 10.8
1-2.11.2 EZE 540 82F / 31% 2 hr, 30 min| 1.3 12.6 11.8
1-2.12.1 PR-2002 82F / 31% 3 hr, 30 min 1.9 11.7 11.0
1-2.12.2 PR-2002 82F / 31% 3 hr, 30 min 1.4 12.3 12.0
1-2.14.1 Cee-Bee E-1004H 8E / 28% 3 hr, 30 min| 1.5 11.8 13.0
1-2.14.2 Cee-Bee E-1004H 8E / 28% 3 hr, 30 min 1.4 13.1 15.7
1-2.15.3 Stingray 874B 82F / 33% 5 hr 1.4 6.3 7.3
1-2.16.1 Turco 6776 77F | 37% 2 hrs, 30 mir 1.5 9.8 11.0
1-2.16.2 Turco 6776 77F | 37% 2 hrs, 30 min 1.3 12.0 12.8
1-2.17.1 Cee-Bee A-202 7% [ 41% 4 min 1.5 11.8 11.4
1-2.17.2 Cee-Bee A-202 76 | 41% 4 min 1.5 11.2 11.8
1.2.20.1 Cee-Bee R-256 76 | 41% 5 min 1.4 14.2 17.3
1.2.20.2 Cee-Bee R-256 76 | 41% 5 min 1.2 12.0 10.6
0.064 in. 1-7.1.1 Stingray 874B 8EF / 33% 5 hr 1.0 17.0 7.7
(clad) 1-7.1.2 Stingray 874B 8TF / 33% 5 hr 1.0 7.7 9.3
1-7.2.1 Turco 6813 80F / 42% 4 hr 1.3 7.9 8.3
1-7.2.2 Turco 6813 80F / 42% 4 hr 1.4 7.7 10.0
1-7.5.1 Turco 6840S 80F / 30% 5 hr 1.4 10.9 14.0
1-7.5.2 Turco 6840S 80F / 30% 5 hr 1.3 10.9 10.6
1-7.6.2 Stingray 874B 8EF / 33% 5 hr 1.3 15.0 13.0
1-7.7.1 Turco 6813E 75F | 49% 2 hr, 30 min 2.6 9.1 9.6
1-7.7.2 Turco 6813E 75F | 49% 2 hr, 30 min 1.3 8.2 9.1
1-7.8.2 Turco 6840S 80F / 30% 5 hr 1.2 9.5 9.8
1-7.9.1 Turco 6813E 75F | 49% 2 hr, 30 min 1.0 8.5 7.3
1-7.9.2 Turco 6813 80F / 42% 4 hr 1.0 9.9 9.4
1-7.10.1 Cee-Bee R-256 76 [ 41% 5 min 1.2 6.9 6.3
1-7.11.1 EZE 540 82F / 31% 2 hr, 30 min 1.3 8.5 8.7
1-7.11.2 EZE 540 82F / 31% 2 hr, 30 min 1.0 9.0 8.5
1-7.12.1 PR-2002 82F / 31% 3 hr, 30 min 0.9 6.3 6.9
1-7.12.2 PR-2002 82F / 31% 3 hr, 30 min 1.2 9.5 12.2
1-7.13.1 EZE 540 82F / 31% 2 hr, 30 min 1.1 10.6 11.8
1-7.13.2 PR-2002 82F / 31% 3 hr, 30 min 1.2 8.4 9.6
1-7.14.1 Cee-Bee E-1004H 8E / 28% 3 hr, 30 min 1.0 11.8 12.2
1-7.14.2 Cee-Bee E-1004H 8E / 28% 3 hr, 30 min 1.3 6.9 7.7
1-7.15.1 Turco 6776 77F | 37% 2 hrs, 30 minp 1.2 7.9 9.3
1-7.15.2 Turco 6776 77F | 37% 2 hrs, 30 mif 1.2 10.2 10.2
1-7.17.1 Cee-Bee A-202 7% [ 41% 4 min 1.3 9.3 9.8
1-7.17.2 Cee-Bee A-202 76 | 41% 4 min 1.2 7.7 10.2
1-7.18.1 Cee-Bee E-1004H 8E / 28% 3 hr, 30 min 1.0 9.6 8.1
1-7.18.2 Turco 6776 77F | 37% 2 hrs, 30 min 1.1 9.6 8.5
1-7.20.1 Cee-Bee R-256 76 [ 41% 5 min 1.1 10.9 10.4
1-7.20.2 Cee-Bee R-256 76/ 41% 5 min 1.0 10.6 13.2
1-7.21.1 Cee-Bee A-202 7% [ 41% 4 min 1.2 12.3 8.5

Note: Cee-Bee A-202 and R-256 are methylene chloride products being used as baselines.
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APPENDIX A.2.2. CO, Blasting (discontinued)

(Note: After Sequence 1, testing was discontinued on the TORGCCOLDJET/ systems.)
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APPENDIX A.2.3. FLASHJET" Coating Removal(Sequence 3)

Paint System:

Test Specimens:

Area Stripped:

Angle of Attack:
Stand-off Distance:
Media Flow Rate:

CO> Input Pressure
to Nozzle:

Input Voltage:
Repetition Rate:
Translational Velocity:
Stripping Passes:

Effectiveness:

Notes:

MSFC Point of Contact:

Epoxy primer, 0.6 to 0.9 mil thick (MIL-P-23377F, Type 1, Class 2)
Polyurethane topcoat, 1.7 to 2.3 mil thick (MIL-C-85285B)

Non-clad 2024-T3 aluminum (0.016-, 0.051-, and 0.064-in.
substrates) in the form of 22-in. by 22-in. control panels (0.016-,
0.051-, and 0.064-in. substrates) and 12-in. by 12-in. control panels
(0.064-in. substrates)
484 in? (each 0.016-in. substrate, 22-in. by 22-in. panels)
484 in? (each 0.051-in. substrate and

one 0.064-in. substrate, 22-in. by 22-in. panels)
144 in? (five 0.064-in. substrates, 12-in. by 12-in. panels)
21to 29
2to 3in.

500 to 1000 Ib/hr

90 to 180 psi

1900 to 2300 V

3 to 5 flashes/sec

0.75to 1.4 in./sec

6 to 22, but not over the same path

Removed up to 99% topcoand57 to 74% primer (Boeing-St.
Louis recommends leaving some degree of primer intact on
substrates.)

Under “Stripping Passes,” note that all passes were not made over
the same path. The panels averaged 8 passes to primer and 4
passes to substrate.

EH33/Steve Burlingame at (256) 544-8860



Table A.2.3-1. Results for FLASHJET Coating Removal (Sequence 3)

Substrate Panel Time Strip Rate Average Surface Roughness(uin.)
Thickness| Number to Strip (in.?/min) Baseline After After
H(in.) (min:sec) Stripping Cleaning |
0.016 1V-14.1 7:10 67.5 2.1 18.4 15.0
(non-clad) 1V-14.2 6:18 76.8 2.1 19.7 14.2
1V-14.3 5:02 96.2 2.1 21.4 14.3
IV-15.4 2 2 2.1 2 2
IV-15.5 10:47 44.9 2.1 19.8 15.6
IV-15.6 5:02 96.2 2.1 23.9 17.2
IV-15.7 6:00 80.7 2.1 18.9 13.5
1V-15.8 8:36 56.3 2.1 20.5 14.3
1V-15.9 7:21 65.9 2.1 19.1 15.3
1V-15.10 7:16 66.6 2.1 22.2 15.6
IV-15.11 6:37 73.1 2.1 19.1 13.9
1V-15.12 8:47 55.1 2.1 22.0 17.3
1V-16.13 5:58 81.1 2.1 18.4 13.1
1V-16.14 6:29 74.7 2.1 19.8 13.9
IV-16.15 5:23 89.9 2.1 23.9 14.3
0.051 1V-9.1 3:54 124.1 1.6 17.0 17.8
(non-clad) IV-9.2 3:36 134.4 1.6 18.0 18.0
1V-9.3 3:36 134.4 1.6 19.4 15.9
1V-9.5 3:36 134.4 1.6 18.4 15.0
0.064 1V-3.1 4:48 100.8 1.9 17.2 14.5
(non-clad) IV-1-1.9.1 1:33 92.9 1.9 18.1 15.9
IV-1-1.9.2 1:33 92.9 1.9 14.4 14.6
IV-1-1.9.3 1:34 91.9 1.9 17.3 19.1
1V-1-1.10.2 1:34 91.9 1.9 16.5 12.2
1V-1-1.10.3 1:34 91.9 1.9 16.7 14.6
Notes: 1. Control panel dimensions are 22 in. by 22 in. for the 0.016-in. and 0.051-in. substrates. The 0.064-
in. substrates consist of five 12-in. by 12-in. control panels (IV-I1-1.9.1, 1V-1-1.9.2, IV-I-1.9.3, IV-
1-1.10-2, IV-1-1.10.3) and one 22-in. by 22-in. control panel (IV-3.1).
2. During Sequence 2this processoverheatedseveral0.016-in. panels, including 1V-14.2, 1V-15.4,

IvV-15.6, IV-15.7, IV-15.8, IV-15.10, IV-15.11, IV-15.12, IV-16.13, IV-16.14nd IV-16.15.
Afterward, the mostoverheateganel (1V-15.4) was cut for materials propertiesting; therefore,
this panel is no longer available for FLASHJSIrocessing.
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APPENDIX A.2.4. CO, Laser Stripping

Sequence 3 results for G@ser stripping will be presented in the final report.
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APPENDIX A.2.5. Plastic Media Blasting (Sequence 3)

Paint System:

Test Specimens:

Area Stripped:

Nozzle:
Stand-off Distance:

Angle of Attack:

Mesh Size:
Media Flow Rate:

Pressure:

Stripping Passes:
Effectiveness:

Notes:

MSFC Point of Contact:

Epoxy primer, 0.6 to 0.9 mil thick (MIL-P-23377F, Type 1, Class 2)
Polyurethane topcoat, 1.7 to 2.3 mil thick (MIL-C-85285B)

Non-clad 2024-T3 aluminum in the form of 22-in. by 22-in. control
panels (0.016- and 0.051-in. substrates) and 12-in. by 12-in. control
panels (0.064-in. substrates);.clad 2024-T3 aluminum in the form of
22-in. by 22-in. control panels (0.016- and 0.032-in. substrates)

484 in’ (0.016-,0.032-, and 0.051-in. substrates)
144 in? (0.064-in. substrate)

Inside diameters of 0.5 in. at throat and 1.0 in. at exit
8to 12 in.

30° (0.016-,0.032-, and 0.051-in. substrates)
30 to 45 (0.064-in. substrates)

Mixture of 20/30 (80%) and 16/20 (20%)
250 to 500 Ib/hr

30 psi (0.016-in. substrates)

35 psi (0.032- and 0.051-in. substrates)
40 psi (0.064-in. substrates)

1

Removed 100% topcoat and ~80% primer

Strip rates were improved by increasing the flow rate of the plastic
media, as well as by adding larger 16/20 mesh media to the

smaller 20/30 mesh media to increase process aggressiveness

Bending was noted when the 0.016-in. substrates were stripped at
pressures >30 psi.

In Sequence 3, we used a venturi nozzle with inside diameters of
0.5 in. at the throat and 1.0 in. at the exit, which is more
representative of PMB nozzles used in the field. This change
increased the strip rate. The previous 3- to 5-in. stand-off distance
was increased to 8 to 12.in

EH33/Johnnie Clark at (256) 544-2799
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Table

A.2.5-1. Results for Plastic Media Blasting - Non-Clad (Sequence 3)

Substrate Panel Time Strip Average Surface Roughness(pin.)
Thickness Number to Strip Rate Baseline | After Stripping | After Cleaning
(in.) (min:sec) (in.’/min)
0.016 VII-21.28 17:11 28.17 1.1 13.1 11.4
(non-clad) VII-VIII-29.16 17:18 27.98 1.5 19.2 17.6
VII-VIII-29.19 18:08 26.70 1.8 21.4 21.1
VII-VI1-29.20 18:12 26.59 1.7 22.2 20.2
VII-VIII1-29.21 18:43 25.85 1.3 22.7 18.4
VII-VII1-29.22 17:57 26.96 1.6 23.8 18.4
VII-VI1-30.24 17:27 27.74 1.7 25.4 21.6
VII-VIII-30.26 17:33 27.58 1.3 23.9 22.1
VII-VIII1-30.27 18:44 25.84 1.6 20.5 12.9
VII-VIII-30.28 17:56 26.99 2.1 19.7 14.3
VII-VIII-30.30 16:57 28.59 1.7 22.8 18.7
VII-VIII-30.31 18:36 26.02 1.5 16.5 16.4
0.051 VII-VIII-11.4 14:55 32.44 1.9 27.4 30.1
(non-clad) VII-VII-12.1 14:37 33.10 1.4 27.2 22.4
VII-VIII-12.2 15:09 31.95 1.2 31.7 16.9
0.064 VII-1-1.1.3 5:11 27.80 3.6 12.4 12.4
(non-clad) VIl-1-1.1.4 4:57 29.09 2.9 13.4 14.0
VIl-1-1.2.3 5:27 26.42 4.1 15.1 12.8
VIl-1-1.2.4 5:36 25.71 3.4 16.1 14.6
VII-1-1.3.3 5:11 27.80 3.0 16.7 12.4
VIl-1-1.3.4 5:37 25.67 3.7 13.9 16.3
VIl-1-1.4.3 5:07 28.12 3.2 14.6 14.8
VIl-1-1.4.4 5:15 27.43 2.9 17.3 16.0
VII-1-1.5.3 5:32 26.04 3.1 15.9 16.3
VIl-1-1.5.4 5:11 27.80 2.7 13.1 13.0
VIl-1-1.6.3 4:59 28.92 3.8 10.7 9.8
VII-1-1.6.4 5:56 24.28 3.9 10.7 11.2
VII-1-1.7.3 5:21 26.92 3.5 12.1 12.2
VIl-1-1.7.4 5:35 25.81 3.9 16.4 12.6
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Table A.2.5-2. Results for Plastic Media Blasting - Clad (Sequence 1)

Substrate Panel Time Strip Average Surface Roughness(pin.)
Thickness Number to Strip Rate Baseline | After Stripping | After Cleaning
(in.) (min:sec) (in.?/min)

0.016-inch | VII-40.1 23:12 20.86 1.1 33.1 38.6

(clad) VII-40.2 22:58 21.07 1.5 38.2 41.3
VII-40.3 22:47 21.25 1.8 37.4 32.3
VII-40.4 23:34 20.53 1.7 35.4 42.5
VII-40.5 23:16 20.80 1.3 32.3 37.0

0.032-inch | VII-41.1 21:31 22.49 1.6 121.7 116.5

(clad) VII-41.2 22:05 21.92 1.7 107.9 103.9
VII-41.3 22:47 21.25 1.3 94.9 106.3
VII-41.4 22:03 21.95 1.6 128.4 111.8
VII-41.5 22:51 21.18 2.1 151.2 113.8

Table A.2.5-3. Results for Plastic Media Blasting - Clad (Sequence 2)

Substrate Panel Time Strip Average Surface Roughness(pin.)
Thickness Number to Strip Rate Baseline | After Stripping | After Cleaning
(in.) (min:sec) (in.’/min)

0.016-inch | VII-40.1 21:09 22.83 1.1 40.3 23.94

(clad) VII-40.2 20:45 23.50 1.5 42.0 29.29
VII-40.3 21:33 22.50 1.8 37.6 25.83
VI1-40.4 20:51 23.21 1.7 38.4 26.46
VI1-40.5 21:49 22.19 1.3 42.7 22.68

0.032-inch | VII-41.1 18:41 25.91 1.6 100.6 70.71

(clad) VII-41.2 19:15 25.14 1.7 82.4 54.80
VII-41.3 19:36 24.69 1.3 94.0 57.80
VIl-41.4 18:53 25.64 1.6 105.8 57.95
VII-41.5 19:24 24.95 2.1 87.1 66.61

Table A.2.5-4. Results for Plastic Media Blasting - Clad (Sequence 3)

Substrate Panel Time Strip Average Surface Roughness(pin.)
Thickness Number to Strip Rate Baseline | After Stripping | After Cleaning
(in.) (min:sec) (in.?/min)
0.016-inch VI1-40.1 17:19 27.93 1.1 - -
(clad) VI11-40.2 17:43 27.34 1.5 - -
VI11-40.3 16:58 28.50 1.8 - -
VI11-40.4 18:03 26.74 1.7 - -
VI1I-40.5 17:31 27.64 1.3 - -
0.032-inch VIl-41.1 16:12 29.96 1.6 - -
(clad) VII-41.2 16:09 30.01 1.7 - -
VII-41.3 15:49 30.61 1.3 - -
VIl-41.4 15:59 30.25 1.6 - -
VII-41.5 16:26 29.45 2.1 - -
Note: Sequence 3 surface roughness data for the PMB clad panels are unavailable, a result of anomalies in processing.
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APPENDIX A.2.6. Sodium Bicarbonate Wet Stripping

Sequence 3 results for sodium bicarbonate wet stripping will be presented in the final report.

APPENDIX A.2.7. WaterJet Blasting
Sequence 3 results for WaterJet blasting will be presented in the final report.
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APPENDIX A.2.8. ENVIROSTRIP® Wheat Starch Blasting (Sequence 3)

A.2.8.1 Manual

Paint System: Epoxy primer, 0.6 to 0.9 mil thick (MIL-P-23377F, Type 1, Class 2)
Polyurethane topcoat, 1.7 to 2.3 mil thick (MIL-C-85285B)

Test Specimens: Non-clad 2024-T3 aluminum (0.016-, 0.051-, and 0.064-in.
substrates) in the form of 12-in. by 18-in. control panels

Area Stripped: 216 in’per panel

Nozzle: 0.5-in. double venturi nozzle

Projection Angle: 30 to 60

Stand-off Distance: 4 to 8 in.

Mesh Size: 12 to 120

Media Flow Rate: 18 Ib/min (0.016-in. substrates)
12 Ib/min (0.051- and 0.064-in. substrates)

Pressure: 20 psi (0.016-in. substrates)
30 psi (0.051- and 0.064-in. substrates)

Stripping Width: 0.75 in.

Stripping Passes: 1

Effectiveness: Removed 100% topcoat and 99% primer

MSFC Point of Contact: EH33/Steve Burlingame at (256) 544-8860

Table A.2.8-1. Results for Manual Wheat Starch Blasting (Sequence 3)

Substrate Panel Time Strip Average Surface Roughness(pin.)
Thickness Number to Strip Rate Baseline | After Stripping | After Cleaning
(in.) (min:sec) (in.*/min)
0.016 IX-13.1 3:07 69.3 1.2 23.6 18.0
(non-clad) 1X-13.2 2:58 72.8 1.1 17.6 17.2
1X-13.3 3:29 62.0 1.0 22.8 18.4
1X-13.4 2:58 72.8 1.1 19.1 15.9
I1X-13.5 2:52 73.4 1.1 16.2 14.2
IX-13.6 2:51 75.8 1.0 13.9 13.2
0.051 1X-10.4 2:11 99.0 1.5 22.4 18.3
(non-clad) 1X-10.5 1:56 111.7 1.6 11.5 13.1
0.064 1X-3.4 2:02 106.4 1.3 16.1 15.1
(non-clad) I1X-3.5 1:52 115.7 2.5 15.0 16.2
I1X-3.6 2:00 108.0 1.3 14.5 17.8
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A.2.8.2 Semi-Automatic

Paint System:

Test Specimens:

Area Stripped:

Nozzle:

Projection Angle:
Stand-off Distance:
Mesh Size:

Media Flow Rate:

Pressure:

Translational Velocity:

Stripping Width:
Stripping Passes:

Effectiveness:

MSFC Point of Contact:

Epoxy primer, 0.6 to 0.9 mil thick (MIL-P-23377F, Type 1, Class 2)

Polyurethane topcoat, 1.7 to 2.3 mil thick (MIL-C-85285B)

Non-clad 2024-T3 aluminum (0.016-, 0.051-, and 0.064-in.
substrates) in the form of 12-in. by 18-in. control panels

215 in? (0.016-in. substrates)
216 in? (0.051- and 0.064-in. substrates)

4-in. flat nozzle, CAE T-7 (S/N 003)
45°

3in.

12 to 120

18 Ib/min (0.016-in. substrates)
12 Ib/min (0.051- and 0.064-in. substrates)

20 psi (0.016-in. substrates)
40 psi (0.051- and 0.064-in. substrates)

1.15 in./sec (0.016-in. substrates)
2.1 in./sec (0.051- and 0.064-in. substrates)

4.25 in.
1
Removed 100% topcoat and 99% primer

EH33/Steve Burlingame at (256) 544-8860
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Table A.2.8-2. Results for Semi-Automatic Wheat Starch Blasting
(Sequence 3)

Substrate Panel Time Strip Average Surface Roughness(pin.)
Thickness Number to Strip Rate Baseline | After Stripping | After Cleaning
(in.) (sec) (in.?/min)
0.016 IX-13.7 44 293.3 1.0 13.9 12.8
(non-clad) IX-13.8 44 293.3 1.0 18.4 16.4
1X-13.9 44 293.3 1.3 23.5 24.1
1X-13.10 44 293.3 1.0 19.5 23.6
I1X-13.11 44 293.3 1.0 24.3 26.1
1X-13.12 44 293.3 1.1 20.8 17.3
I1X-13.13 44 293.3 1.4 18.7 15.0
1X-13.14 44 293.3 1.2 24.1 14.6
1X-13.15 44 293.3 1.2 21.7 14.8
1X-13.16 44 293.3 1.0 15.3 12.9
1X-13.17 44 293.3 1.2 25.0 27.4
1X-13.18 44 293.3 1.3 17.2 18.4
1X-13.20 44 293.3 1.1 15.7 12.0
0.051 1X-10.1 24.2 535.5 2.4 14.3 14.5
(non-clad) I1X-10.2 24.2 535.5 1.6 14.5 14.5
1X-10.3 24.2 535.5 1.4 16.5 19.2
0.064 IX-3.1 24.2 535.5 1.2 17.2 16.9
(non-clad) 1X-3.2 24.2 535.5 1.2 13.1 12.8
I1X-3.3 24.2 535.5 1.3 16.7 12.4
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